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Notes on the Undercooling of Gray Cast Iron 


3y ALFRED BoyLes* AND C. H. Loria*, CoLuMBuUs, OHIO 


Abstract 


In this paper, the authors record the results of an 
experiment conducted to determine the results of under- 
cooling irons of the same composition. The experimental 
method is explained, as is the apparatus used for conduct- 
ing the work. To secure uniform conditions throughout 
the test, the authors placed each charge of gray iron, 
consisting of pieces weighing 200 grams, cut from 
standard transverse test bars after the outer skin had 
been removed, in a furnace standing at 2700°F. The 
furnace was known from previous work of the same char- 
acter to deliver metal with practically no change in 
analysis. After each charge was placed in the furnace, it 
was held for 30 minutes and an addition of % gram of 
calcium-silicon was made and the melt held for 2 min, at 
temperature. The metal was then removed from the fur- 
nace and cooled in air for 20 sec. and poured. The 
remainder of the melt was immediately returned to the 
furnace and held an additional 30 min., after which a 
second casting was poured. Decided differences in struc- 
ture were obtained in the two castings, the metal with the 
2 min. holding time after the addition of calcium-silicon 
showing greater number of rosettes than the metal held 
for 30 min, longer. Thermal-arrest curves were determined 
on both the normal and modified irons and these are shown 
and their characteristics described. A theory is also ad- 
vanced as to the reason for the formation of the structures 
in two types of iron of same analyses. The explanation 
the authors give is purely physical and takes no account 
of chemical factors. 


1. The question of undercooling and its effect on the structure 
of gray cast iron has been widely discussed in the literature. There 
is no doubt concerning the fact that cast iron responds to variations 


{Metallurgists, Battelle Memorial Institute. 
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in cooling rate in the same general way as other alloys, its structure 
becoming finer as the rate of cooling from the liquid state is ae- 
eelerated. This is true undercooling, or lowering of the observed 
eutectic temperature below its equilibrium value. The discussions of 
undercooling referred to, are not concerned with this normal rela- 
tionship between section size and structure. They are concerned 
with the fact that the structure often varies considerably in castings 


of the same size and composition. 


2. To explain the differences, it is postulated that the castings 
with fine graphite have undercooled or ‘‘supercooled’’ for some 
reason other than cooling rate. There has been very little experi- 
mental work done to determine the actual degree of undercooling in 
such cases. The work described is concerned with the eutectic arrest 
on the cooling curves of a series of castings, uniform in size and 


composition but differing widely in structure. 


EXPERIMENTAL METHOD 


s. To record the shape of the cooling curves the apparatus 
shown in Fig. 1 was set up. A metal drum was mounted on the 
main slidewire knob of a precision potentiometer. This was con- 
nected by means of a fine steel music wire to a sliding bar which 
carried a fine pencil point along the surface of a recording cylinder 
Rotation of the potentiometer knob wound or unwound the steel 
wire and imparted a rectilinear motion to the sliding bar, acting 
against a suitable counterweight to prevent lost motion. The re- 
cording cylinder was driven at the rate of one revolution in six 
minutes by means of a telechron motor and clockwork. To permit 
smooth control of the slidewire dial, a large gear was mounted just 
below the drum and driven by a pinion and erank. During the 
cooling of a casting, it was only necessary to keep the galvanometer 


balanced to draw a continuous time-temperature curve. 
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Fic. 1—Apparatus For Recorpinc Continuous TiME-TEMPERATURE CURVES. 
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iccuracy of Temperature Recordings 


$. The range of the main slidewire was five millivolts which 
rave a linear movement of 115 millimeters on the recording cylin- 


ler, equivalent to about 2.2°F. per millimeter over the range from 
2250 to 2005°F. In making a determination, the potentiometer was 
set at 50 millivolts and the driving clock of the recorder started at 
the instant of pouring the casting. As soon as the E.M.F. of the 
thermocouple dropped to 50 millivolts the galvanometer reached a 
balance and was kept balanced as closely as possible by manipulat- 
ng the crank on the pinion driving the slidewire dial. Ordinarily, 
the galvanometer deflection could be kept within + 2 mm. with the 


cooling rate employed. The highest and lowest points on the eutectic 


arrest curve could be obtained very nicely because sufficient time 
lag occurred to permit an accurate balancing of the galvanometer. 
The most inaccurate part of the curves is that at the very begin- 


ning where the slope is quite steep 


Method of Casting 


5. The castings used were round bars of %4-in. diameter by 
3-in. long poured vertically in molds made of insulating brick. The 
cooling rate of such a casting is suitable for thermal analysis and 
the use of a small bar, slowly cooled, has the advantage of giving 
less thermal gradient from surface to center than would be obtained 


with a larger bar cast in sand. 


Type Thermocouple Used 


6. A chromel-alume! thermocouple of 22 gage wires was placed 
in the mold one-in. from the bottom with the hot junction accurately 
eentered in the mold cavity. The wires were protected by a two hole 
porcelain tube 2 mm. in diameter and a thin coating of por- 
velain cement over the bead, which was made quite small and 
pushed snugly against the end of the porcelain tube. All thermo- 
couples were made from the same lot of wire. 


Melting Stock 


7. As melting stock, pieces weighing 200 grams were cut from 
standard transverse test bars after turning off the outer skin. Com- 
position of the irons used is given in Table 1. Melting was con- 
ducted in an automatically-controlled, high-temperature globar fur- 
nace having a tubular heating element. An alundum crucible, sup- 
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ported in a graphite holder in the closed tube of the furnace, was 
used. The atmosphere in the furnace tube was such that the meta] 
melted clean without any slag. Repeated checks have shown prac. 
tically no change in analysis due to melting in this furnace, which 
has been used in a great deal of work on gray and malleable iron 


compositions 


Table 1 


ANALYSES OF [RONS USED IN EXPERIMENTS 


Iron C. Si., Mn., S., P. 
No. Per Cent Per Cent Per Cent Per Cent Per Cent 
111 3.06 2.22 0.70 0.052 0.091 
133 3.06 2.29 0.78 0.062 0.091 
128 3.07 2.38 0.76 0.056 0.090 


Melting Procedure 


8. Each charge was placed in the furnace standing at 2700°F 
and held for 30 min. An addition of % gram of calcium-silicon 
(63 per cent silicon; 31 per cent calcium) was then made in the 
furnace and the melt held for 2 min. at temperature. It was then 
removed from the furnace, allowed to cool in air for 20 sec. and a 
casting poured. The remainder of the melt was immediately re- 
turned to the furnace and held an additional 30 min. after which 
a second casting was poured and the remainder of the melt dis 
carded. 


9. There is a marked difference in structure between the cast- 
ing poured 2 min. after and that poured 32 min. after the addition 
of calcium-silicon, although their compositions were substantially 
the same. These structures, which will be described later, will be 
designated ‘‘normal’’ for those castings poured 2 min. after the 
addition and ‘‘modified’’ for those poured 30 min. later. 


EXPERIMENTAL RESULTS 


10. The curves, shown in Figs. 2, 3, and 4, were traced di- 
rectly from the records obtained with the instrument on 32 castings 
of hypoeutectic iron. At the beginning of each curve is a horizontal 
portion which represents the time required for the casting to drop 
to 2250°F. The left end of this horizontal line marks the instant of 
pouring in each case and was made to coincide in drawing each 
group of curves. Cooling is quite rapid from this point down to the 
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first small arrest which indicates the beginning of the formation of 
primary austenite. It will be noted that the primary austenite 
starts to form in the same temperature range in both normal and 
modified castings, although there is considerable scatter, especially 
in Fig. 2. The slope of the curves from this point down to the 
eutectic arrest is quite uniform in all cases. 


11. Solidification of the eutectic begins near the lowest point 
or dip of the curves and is followed by an immediate rise in tem- 
perature. The variation in temperature of this low point on dupli- 
cate castings has been indicated on the charts by dotted lines. Like- 
wise the variation in the high point reached during solidification 
has been indicated by dotted lines for each group of curves. Table 2 
gives the observed temperatures for the high and low points on each 
eurve, together with the average values for normal and modified 
eastings. In this table, the two castings from each melt are ar- 
ranged side by side, for example No. 535 and No. 536 were poured 
from the same melt, differing only in time of holding after the 
addition of caleium-silicon. 


12. The scatter in the observed temperatures for the high and 
low points of duplicate castings is about 20°F. as a maximum. This 
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is not due to differences in cooling rate but probably arises from 
contamination of the thermocouple bead by the metal cast around 
it. In Fig. 5, the upper and lower points on the eutectic arrest for 
each casting are plotted against the time required to cool from 
9950°F. to 2005°F. and it is evident that no relationship exists 
between the two. These variations in cooling rate are purely acci- 
dental and are caused by slight differences in pouring temperature, 
size of molds and insulating properties of the brick used as mold 
material. Considered as a group the observed temperatures for the 
modified eastings (open circles in Fig. 5) lie below those for the 
normal castings and both are independent of variations in cooling 
rate over the range in question. 


13. In addition to the difference in temperature of the maxi- 
mum and minimum points, there is also a difference in the shape of 
the eurves for normal and modified castings. This is best seen in 


Table 2 
High AND Low TEMPERATURES ON THE EuTEcTIC ARREST CURVES 


Normal Modified 
Test No. Low °F. High °F. TestNo. Low °F. High °F. 


53! 2082 2101 536 2066 2089 
fron 111 5: 2083 2101 538 2062 2086 
2074 2096 540 2069 2091 
2074 2097 542 2068 2092 


Average 2078 2099 2066 2089 


543 2078 2100 2067 2091 

Iron 133 545 2086 2106 2069 2093 
C 3.06 1547 2074 2095 2068 2090 
549 2081 2097 2065 2087 


Average 2080 2100 2067 2090 


519 2087 2108 2074 2093 

521 2077 2101 2067 2086 

523 2077 2096 2075 2092 

Iron 128 | 595 2067 2093 2066 2092 
C 3.07 1527 2072 2095 2068 2095 
aecn 1000 2077 - 2100 2070 2090 

| 531 2082 2102 2070 2091 


ke 2080 2101 2067 2090 


Average 2079 2100 2068 2091 
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Figs. 3 and 4 where only a few curves have been drawn in each 
group. The normal iron shows a quicker return to a maximum once 
the low point or dip due to undercooling is past. 


14. The curves then slope off gradually on the right hand side 
of the ‘‘hump.’’ The ‘‘hump’’ of the modified castings is more 
nearly semi-circular in shape, having about the same slope on the 
rising and falling sides. These characteristics occur too frequently 
to be matters of chance and are probably related to the mechanism 


of freezing of the eutectic. 


STRUCTURE OF THE CASTINGS 


15. In describing the differences in structure between the 
normal and modified castings, it is necessary to review briefly the 
mechanism of freezing in gray iron of the composition under con- 
sideration. Solidification begins with the formation of dendrites of 
primary austenite at about 2220°F., as indicated by the small 
thermal arrest on the cooling curves. These dendrites continue to 
grow down to the point where the remaining liquid reaches eutectic 
composition, the heat evolved producing a change in slope of the 
cooling curve. 


16. When the liquid between the dendrites reaches eutectic 
composition, it starts to freeze from a limited number of centers, 
each of which grows as a more or less spherical mass. The graphite 
flakes grow radially about each center of crystallization giving rise 
to the familiar rosette type of graphite distribution. Inasmuch as 
the flakes are confined to the interstices of the dendrites, the radial 
arrangement is often distorted and sometimes difficult to reeognize 
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in the final structure. In describing the castings reference may be 
made to three structural features: 
1. The size and distribution of the primary dendrites. 
2. The number of eutectic crystallization centers 
rosettes. 
3. The size and distribution of the graphite flakes com- 


prising each rosette. 


17. No difference in size or distribution of the primary dend- 
rites was ebserved in the normal and modified castings. Apparently 
the primary structure was not influenced by time of holding after 


the addition of caleium-silicon. 


18. There is an outstanding difference in the number of 
eutectic crystallization centers in the normal and modified castings. 
Figs. 6 and 7 illustrate this difference which is characteristic of the 
two types of iron. It will be noted that the normal iron (Fig. 6) 
has a much larger number of crystallization centers, as indicated 
by the patches of ferrite present at these points. 


19. The size of the graphite flakes comprising each rosette is 
also very different. The normal iron shows a small amount of fine 
graphite at the center of each rosette which is surrounded by much 


larger flakes (Fig. 8). In the modified iron, the amount of fine 
graphite at the center of each rosette is much greater and the 


quantity of large flakes is correspondingly reduced (Fig. 9). With 
these structural differences in mind, we may attempt to form some 
idea of their origin, using the cooling curves as a basis for 


discussion. 


Fic. 6—(Lerr) Test No. 519 Pourep 2 Minutes Arrer AppiTion or CaLcruM-SILICoN. 

Nore THE Lance NuMBER oF CRysTALLIzATION CENTERS aS CompaRED To Test No. 520. 

Fic. 7—(RicHtT) Test No. 520 SAME MELT as No. 519. Pourep 82 Minutes Arter AppITION 

or CaLcrUM-SILICON. SAMPLES ARE FROM IRON No. 128, CarBon, 3.07 Pex CENT AND SILICON, 
2.88 Per Cent. Born Samp.ies Etcuep, X3. 
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Explanation of Structure 


20. All the graphite does not form at the same temperature iy, 
either type of iron. The first graphite flakes to form, those at the 
center of the rosettes, grow at some temperature near the bottom of 
the dip in the curve. Heat liberated by solidification immediately 
raises the temperature of the melt so that growth continues at suc- 
cessively higher temperatures up to the maximum point on the 
eurve. The maximum temperature reached depends on the rate at 
which heat is generated by solidification and the rate at which heat 
is being drained from the casting by continued cooling. The total 
amount of heat formed during solidification should be constant for a 
given composition and weight of iron, regardless of whether the 
structure is normal or modified. The rate at which it is evolved dur 
ing freezing, however, may vary considerably. In this connection, 
the outstanding difference in the number of crystallization centers 


in the normal and modified castings may be considered. 


21. Fig. 8, for example, shows three such centers (marked 
A, B,-and C) in a single field while Fig. 9 shows only one (marked 
D). Assuming that the time required for complete solidification was 
the same in both cases, it is evident that the rate of growth of the 
individual rosettes must have been different. In Fig. 8, the rosette 
3 only needed to grow the distance indicated by the arrows before 
it came in contact with rosettes A and C, while in Fig. 9, the rosette 
D had to grow about twice as far in all directions. It is unlikely 
that the rate of movement of the solid-liquid interface was uniform 
in either case. The first graphite to form was that at the center of 
the rosettes (B in Fig. 8 and D in Fig. 9). This was quite fine in 
both cases and was formed at the dip or lowest point on the cooling 
curves. (Fine graphite does not appear at A and C in Fig. 8 because 
these rosettes are not cut through the center by the plane of polish. ) 
As soon as freezing started, heat was evolved which raised the tem- 
perature of the liquid surrounding the crystallization centers and, 
as a result, the rate of solidification slowed down because the re- 
maining liquid was brought nearer to the equilibrium temperature 
of the eutectic. The size of the flakes forming along the solid-liquid 
interface therefore increased shortly after freezing started. 


22. It is not hard to imagine a difference in the amount of 


fine graphite formed at the center of the rosettes due solely to the 
spacing of these centers. In Fig. 8, for example, heat was evolved 
at the three centers A, B, and C. The liquid between these centers 
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was brought quickly to a temperature sufficient to slow down the 
rate of freezing, with a consequent increase in flake size. In Fig. 9. 
on the other hand, a considerable development of the center D was 
necessary before the remaining liquid was brought to a temperature 
sufficient to produce large flakes simply because a greater thickness 
of liquid separated this center from those nearby. With the same 
degree of undercooling in both cases, more fine graphite formed 
in Fig. 9, 2.e., the rate of growth of this rosette was more rapid in 


its early stages of formation. 


23. A thermocouple placed in the melt does not record these 
local thermal gradients between solid and liquid but it should in- 
tegrate the total effect of heat evolution from many crystallization 
centers as a difference in shape of the time-temperature curves dur- 
ing the eutectic arrest. An iron having numerous centers of erystal- 
lization should show a quicker recovery of temperature after the 
initial dip due to undereooling and this is apparently borne out in 


the cooling curves of the castings. 


SUMMARY 


24. Characteristic differences were found in the shape of the 
eutectic arrest portion of cooling curves of castings poured 2 min. 
and 32 min. after an addition of calcium-silicon. Castings poured 
2 min. after the addition, showed less undercooling and a quicker 
recovery of temperature after the initial dip in the curve. This was 
attributed to the difference in the total number of eutectic crystal- 
lization centers in the two eases, the iron poured 2 min. after the 
addition of ealeium-silicon having a much larger number of such 


centers. 


25. Castings poured 32 min. after the addition, contained 
more fine, eutectiform graphite than those poured 2 min. after the 
addition. This was attributed to the influence of the total number 
of eutectic crystallization centers on the rate of advance of the solid- 
liquid interface during the early states of eutectic solidification. 


26. The explanation postulated above is purely physical and 
takes no account of chemical factors which influence the size of the 
graphite flakes. Many substances, when added to gray iron just 
before pouring, have the effect of increasing the number of centers 
from which the eutectic freezes. This effect is temporary and wears 
off if the metal is held for some time before pouring. Aside from 
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the chemical effect of such additions, there is undoubtedly an 
noculating or ‘‘seeding’’ influence, the duration of which is limited. 
While the work described here offers no explanation of the under- 
lying causes, it is put on record as being of possible interest to those 
concerned with the metallurgy of gray cast iron. 





DISCUSSION 
Presiding: J. W. BOLTON, Lunkenheimer Co., Cincinnati, Ohio. 


CHAIRMAN BOLTON: Exactly what do you mean by precipitation of 
graphite from the liquid? 


Mr. Boyes: In the case of this eutectic, I do not think there is 
precipitation of graphite alone. We have a simultaneous precipitation 
of graphite and austenite. 


MEMBER: I would like to ask Mr. Kuniansky what results he ob- 
tained by trying to inoculate his iron with molten materials? 


MAx KUNIANSKY!: We did not obtain the chill reduction that we 
receive with the solid addition of the ferrosilicon and late silicon addi- 
tions. You must consider that these inoculants are added to practically 
all scrap mixtures in the cupola. When you say scrap nowadays, it is 
scrap, and you must consider the need of the metal which you are 
inoculating, for an inoculant. I think in the type of irons we are talking 
about, roughly, containing about 1.45 per cent silicon, 3.30 per cent 
total carbon, if we raise the silicon, depending upon section size, with a 
late addition as we need it, we get superior physical properties. We get 
the chill reduction there in adding the solid inoculants. 


S. C. MAssaRI*: I am quite a thorough believer in the theories that 
are as simple as possible and yet will fit the picture, so I again come 
back to a graphite nuclei theory. I believe that this theory is strongly 
corroborated by the effect of these late additions of alloys which have 
a graphitizing action, and is further fortified by Mr. Kuniansky’s state- 
ment that when added in a molten form these additions have compara- 
tively no influence on the graphitizing behavior of the iron, whereas 
they do when added in a solid form. I think this adds considerable sup- 
port to the belief that when powdered alloys are added to molten iron, 
there is a definite time interval involved for the solution of the alloy. 
During that iterim, I think it is reasonable to believe that localized con- 
centrations of high graphitizing pressure are set up and the formation 
of carbon nuclei is caused in the immediate proximity of this alloy 
concentration. 


*General Manager, Lynchburg Foundry Co., Lynchburg, Va. 
* Metallurgist, Association of Manufacturers of Chilled Car Wheels, Chicago, III. 
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(CHAIRMAN BOLTON: Will Mr. Penington of Mellon Institute take 
this up from the point of view of what exists as a liquid and what 
happens at the moment of precipitation from the liquid to the solid 
form? There may arise a rather simple explanation and, as Mr. Massari 
has said, simple explanations are what are wanted. 


W. A. PENINGTON®: As pointed out by Mr. Boyles, there is an 
equilibrium at the eutectic point, at which there is simultaneous precipi- 
tation of ferrite and austenite. 


As far as the inoculation is concerned, it is possible that it is merely 
a matter of physical inoculation of some type in which other substances 
may prove as effective as graphite. Take the case of the freezing of 
water. It is possible to get a temperature as low as 10° below the freez- 
ing point, if the water is quite pure, without solidification taking place. 
The introduction of a small particle of ice will immediately start the 
mass to freezing with a rise in temperature to the true freezing point. 
Not only can the inoculation be made with ice, but other substances 
may suffice. 


In inoculating iron for graphite precipitation, it seems to be reason- 
able that it can be done with substances other than graphite. If the 
graphite-precipitation-on-graphite-theory is correct, and graphite is 
being used for the inoculation, it makes no difference if the theory is 
not accepted. The same results are accomplished as would be if it were 
accepted. On the other hand, if the theory is wrong, but generally 
accepted, progress may be thwarted due to prejudice in experimenta- 
tion. Even if having the correct theory does not help, holding to the 
wrong theory can do considerable harm. 


CHAIRMAN BOLTON: Let us concede for the moment that we have 
in cast iron, ordinarily, a complete solution. Now, it is a question in 
that solution whether you have iron and iron carbide as such or iron and 
dissolved carbon as such, but let’s consider there is complete solution. 
Now, you are coming down to the point of solidification. In the case of 
water and in the case of many other solutions, the precipitation of salts 
in aqueous solutions, for example, undercooling has been pointed out 
as a very common phenomenon, and very considerable undercooling may 
occur. I particularly recall crystallization tests of permanganate solu- 
tion in that connection. 


In cast iron, by allowing undercooling and adding a very small 
amount of a substance which promotes mechanical centering of crystal- 
lization, whether those centers be carbon which has not had time to 
dissolve or silicon or some other inclusion that promotes a very rapid 
crystallization with many centers of crystallization, and consequently 
small grain size. 


The whole question of the direct formation of graphite in the 
liquid, is the carbon there as cementite or is it there as dissolved carbon? 


‘Industrial Fellow, Mellon Institute of Industrial Research, Pittsburgh, Pa. 
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And in that moment of transition, we have seen that the rate of reaction 
or change to graphite can be tremendously influenced by the addition 

a small amount of extraneous material. That is the reason I asked 
Mr. Boyles a very specific question. What does he mean or what is 
meant by precipitation from the liquid? If we will conceive that a liquid 
is becoming a solid and that the rate of formation from the liquid to 
the solid of graphite, or, as the case may be, the metastable component, 
cementite may vary, then everyone I think is agreed that the explanation 
s simple. 


The correlative theory superimposed upon the many practical find- 
ings that have been brought forth, should make us feel all very cheerful 
about the situation as a whole. With the data that is being added, the 
possibilities of correlation there are most intriguing. 


R. G. MCELWEE?: I wovld like to project just one little bit of con- 
fusion into this discussion by some experiments which we did. We were 
confronted with a job of reducing chill by the maximum amount. In 
other words, we had a very small casting, which chilled regardless of 
how we made it, with a piston ring mixture or anything that we could 
possibly use. We tried all of the known very potent materials for this, 
such as calcium-silicon, calcium-silicon-manganese, and various combina- 
tions. However, we never could eliminate the chill entirely, until we 
added a very small amount of stabilizer to the alloy. We added chrome 
to the alloy and removed the chill. Now, the alloy contains calcium, sili- 
con, ete., in various proportions. I do not think that is important, but 
when that alloy contained 0.03 or 0.04 per cent chrome, it was much 
more effective in reducing chill than when it did not contain the chrome. 
Why should that be? 


F. G. SEFING®: It is rather encouraging to have a group of theories 
on inoculating cast iron come forward which are rather controversial. 
The experimental data that have been presented are in close agreement 
when they are compared. But it is also encouraging to have at least two 
principal ideas presented as to why inoculation is effective, the graphite 
or the graphite nuclei theory on the one hand, and the theory of inocula- 
tion by any solid which was mentioned by the gentleman from Mellon 
Institute. 


We are in a quandary regarding the theory of inoculation, but I do 
not know of a better way to get an answer than to have a point of 
controversy and we are certainly in that stage now and probably in 
another few months or years we will have the correct theory. 


A. E. ScuHun®: We cast pipe centrifugally in metal molds. To 
avoid chill on the outer cast surface, we customarily use hypereutectic 
irons, that is, irons running from 3.60 to 3.70 per cent carbon, 1.50 to 
2 per cent silicon, and phosphorus from 0.40 to 0.75 per cent. 

‘Mer., Foundry Alloy Div., Vanadium Corp. of America, Detroit, Mich. 


Metallurgist, International Nickel Co., New York City. 
Director of Research. U. S. Pipe and Foundry Co., Burlington, N. J 
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Some of our people have recently heard of these effects of inocula- 
tion by the use of ferrosilicon and other compounds and of the marvel- 
lous increase in strength obtained with such ladle additions. They pro- 
ceeded to try out late additions in several of our foundries. No tangibk 
henefits from such additions were obtained. The answer may not be 
hard to find. In a hypereutectic iron, there is already present a very 
large number of inoculating centers, and adding a few more probably 
would not make any significant difference. 


From that point of view, I would like to enlarge a little on the 
remarks of the gentleman from Mellon Institute. In the case of a sat- 
urated solution, perhaps any finely divided foreign material, whatever 
may be its chemical nature, can serve as an inoculating center. About a 
year or so ago, we did some work along these lines. In our particular 
process, where we have an extremely rapid cooling rate, due to casting 
against the metal mold which is at relatively low temperatures, and 
where we have a free freezing surface on the inside of the casting, we 
develop an appreciable temperature gradient across such a casting sec- 
tion. In addition, centrifugal force is being applied during solidification 
which helps to segregate foreign entrained finely divided solids. We 
tried to obtain more light on the chemical and physical nature of these 
foreign bodies. In the case of hypereutectic irons particularly, there is 
a large segregation of materials in the ladle before pouring the iron 
into the casting machines. These finely divided and originally highly 
dispersed materials were analyzed chemically and examined for their 
structure under the microscope. Large quantities of aluminum oxide, 
silica, manganese sulphide, and other unidentified compounds, as well 
as kish carbon, were found. These materials in their dispersed state 
offer perhaps millions of centers for inoculation. Subsequently, the ma- 
terials driven through the casting section under our fast progressive 
cooling, and perhaps assisted in this movement by centrifugal force, 
were examined chemically and physically and were found to be prac- 
tically identical to the material skimmed off from the top of the ladle 
prior to casting. 


I would like to point out that in the matter of inoculation, whether 
one is dealing with a definitely hypoeutectic iron or, on the other hand, 
with a hypereutectic iron, may make a world of difference, 


Another factor which I think is just as important is the effect of 
solidification rates on inoculation. During slow solidification, or certain 
intermediate rates of cooling, these inoculants may have more or less 
time to act as centers for inducing crystallization and varying cooling 
rates may thus influence the extent to which these potential inoculants 
may fulfill their intended function. If the rate of solidification is suffi- 
ciently rapid they may never get the time to act. Numerous evidences 
of these time factors have been found by us. 


CHAIRMAN BOLTON: There were two points brought out by Mr. 
Schuh that are well worth considering. One is that he is working with 
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possible slightly hypereutectic materials. Many of these high carbon 
materials close to the eutectic composition give possibilities of localized 
segregation and localized hypereutectic conditions, and hence graphitiza- 
tion above the eutectic solidification point is quite likely. 


He also mentioned the relationship of time. The effect of inoculants 
also can be produced to a considerable degree, at least, by variation 
in time. 


W. W. KERLIN?: In regard to time, we have found that the effect 
of inoculation wears off where melting conditions are poor. In other 
words, if the iron becomes gasified, whether you want to call it oxida- 
tion or any other term that you like, the effect of the inoculation is 
likely to wear off. We have found that any condition in the cupola that 
favors gasification works against the effect of inoculation. 


G. A. Timmons’: I would like to enter this discussion. It seems 
to me that in this discussion we are forgetting quite a bit of our equi- 
librium diagram when we talk about graphite nuclei existing in the 
molten state at temperatures above the liquidus of the iron. If such 
nuclei do exist above the liquidus, then our equilibrium diagram is in- 
correct and we will have to change it. I wonder if most data presented 
in these discussions have not been of such a nature that they support 
the theory of refractory nucleation. 


There are references which show that pure silicon used as an 
inoculant will not work. It will not produce the same results as ferro- 
silicon added to the ladle. This detracts from the theory that silicon 
itself disperses a shower of graphite particles which act as nuclei. 
Secondly, the addition of the inoculating materials in the molten state 
fails to produce the desired effect. This seems to me to support the 
theory that some solid refractory particles in the alloy additions actually 
cause the nucleating effect. If these refractory materials are slagged 
off or agglomerated and separated from the metallic “inoculants,” they 
are no longer effective in controlling graphitization of the iron. Seldom 
if ever is 100 per cent graphite added as an inoculant. Usually these 
graphite additions contain some foreign material which, I believe, is 
responsible for the nucleating effect realized. 


Then, there is an observation that was made here several years 
ago. I cannot remember the exact reference, but some gentlemen brought 
out the point that the analysis of kish which he had taken from the top 
of a ladle of hypereutectic cast iron, or pig iron, was found to contain 
a high percentage of silicon, probably present as silica (SiO,), which 
again seems to support the theory that it is a refractory material, not 
dissolved above the liquidus temperature, which actually does the nu- 
cleating for the precipitation of graphite. 


7 Metallurgist, Meehanite Metal Corp., Pittsburgh, Pa. 
* Metallurgist, Climax Molybdenum Co., Detroit. 
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CHAIRMAN BOLTON: I believe that everyone will thoroughly agree 
with Mr. Timmons that what we are working with is not a system of 
equilibrium, 


N. A. ZIEGLER®: Speaking about inclusions as related to graphite 
flakes, I may say that on very numerous occasions, if you examine very 
carefully graphite flakes in gray iron, or temper carbon in malleable 
iron, you will find non-metallic inclusions attached to them. That is a 
very common occurrence, if not the general rule. 


N. B. PILLING!”: I do not like to miss the chance to point out how 
nicely Mr. Boyles’ data fits in with Mr. Eash’s with respect to the 
temperature of the eutectic in the inoculated versus uninoculated irons. 
Both of these gentlemen find the same thing. Although Mr. Boyles did 
not dwell on that point particularly in his presentation it seemed as 
though the inoculated irons he was dealing with had eutectic tempera- 
tures some 15 or 20°F. higher than the uninoculated. Eash, I think, 
found a maximum of, 35° or something like that in the same direction. 


As to non-metallic inclusions being effective units for inoculation, 
and the absence of a good inoculating effect in very pure silicon, which 
I believe Mr. Timmons refers to, it would seem to me a great deal 
depends upon the rate at which the silicon or silicon alloy dissolves, 
and this may be limited by the extent to which oxidation of silicon 
recurs. One reason why ferrosilicon could be more effective than pure 
silicon is that the oxides produced would be more fusible and there 
would be less of an interfering oxide membrane to effect the concentra- 
tion gradient of silicon which must exist surrounding each melting 
crumb of the addition agent. As said by the chairman, we are not 
dealing with equilibrium; everything is running on the fly. 


V. A. CrosBy!!; Mr. Chairman, I have observed that in practical 
applications that the higher the carbon which is added for inoculation 
the better the chill reduction obtained. Inoculating graphitic carbon 
containing as much as 14 per cent ash has very little effect in increas- 
ing the carbon content of the iron or of reducing the chill. 


MEMBER: Going back to water again, we all know that we can 
take a bottle of water and lower the temperature below the freezing 
range and you can move it around and it is perfectly liquid; but if 
you snap it with your finger, it will go into feather-like crystals. 


Some years ago when semi-steels were first started, I believe it 
originated in Germany, they started to shake these irons and jar them, 
and that produced the nuclei from which the carbon grows. You do 
not have to add anything; all you have to do is hit it. That works I 
know. However, you cannot take a big locomotive cylinder and shake 


* Research Metallurgist, Crane Co.. Chicago, Il. f ; 
” Director Research Laboratory, International Nickel Co., New York, N. Y. 
Metallurgist. Climax Molybdenum Co., Detroit, Mich. 
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it very much. I have had an idea for a long time that I have never 
tried, that such a casting might be jarred or shaken by alternating 
electric current. 


Mr. TIMMONS: At what temperature do you jar the casting? At 
a high temperature, or do you wait until close to the solidification point? 


MEMBER: It was down somewhere in the eutectic. It was so long 
ago that I have forgotten the temperature. It increased the strength of 
the iron and we got a much finer grain. The Germans put it on their 
jarring machines in the foundry and shook it. 


Mr. BOLTON: That brings up the question of atmospheres as they 
are in the cupola, and other media. 


A. E. RuHoaps!*: Mr. Chairman, it seems to me we have been 
touching quite closely on some very intricate applications of physical 
chemistry rather than just the straight chemical. 


Consider the fractional crystallization from wet solution of radium- 
barium-bromide; heating a solution of radium-barium-bromide to the 
boiling point driving off the excess water and forming a saturated solu- 
tion at the boiling point. This saturated solution is perfectly clear— 
free of crystals; but, upon jarring the container, crystals immediately 


form from the solution, indicating that you get a selective crystalliza- 
tion and therefore a result which is caused by a physical action rather 
than a chemica: action only. There has been no material change in the 
composition or the concentration of the solution prior to the physical 
action and yet a different result has been brought about—namely the 
formation of crystals. Without drawing too close an analogy, it seems 
to me there may be definite physical changes brought about by agitat- 
ing or stirring the molten metal during its melting or processing treat- 
ment. In fact there is evidence to support this thought. 


Mr. McElwee cited the case of the addition of chrome-calcium-silicon 
alloy, and, while one would not ordinarily expect to add chrome to get 
chill reduction, nevertheless, considering the reactions involved, it may 
be relatively easy to understand. The addition of the chrome forms 
chrome carbide and possibly there is a condition similar to that of the 
nascent state while the calcium reaction is taking place. The carbides 
are formed, while the other addition agents, calcium and silicon, per- 
form their function with the net result of less chill. I would expect 
under these conditions a higher combined carbon and better physical 
properties even though there is a reduction in the amount of chill. 


H. A. RoTH!3: Mr. Chairman, if we get a little chrome in our iron 
in making bath tubs, and this is a plain gray iron, with 3.50 total carbon 
and 0.65 per cent combined carbon, we will after heating, in the 


12 Manager, Detroit Electric Furnace Div., Kuhlman Electric Co., Bay City, Mich. 
13 Metallurgist, Rundle Mfg. Co., Camden, N. J. 
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enameling furnace at 1700°F., usually have only 0.10 to 0.20 per cent 
combined carbon remaining. Now, if we add a little chromium, just 
a few hundredths of one per cent, the combined carbon will not be re- 
duced so low, and as the iron and enamel cool the iron contracts dif- 
ferently than before. We may get crazing in the enamel, which is a 
gloss or glaze. We therefore definitely want to avoid chromium so |] 
am interested in knowing why the increased combined carbon due to 
chromium was just passed by as having no effect on the chill. Could 
there be a little more comment on this? 


Mr. MCELWEE: The amount of chromium we were talking about 
in this case that I mentioned is extremely small. Probably the addition 
of chrome was about 0.03 per cent. 


MR. RoTH: When we get beyond 0.03 per cent it seems to have a 
definite effect. Another thing that was mentioned briefly and is of 
interest to me is this matter of scrap. We know that a lot of scrap 
is very poor, but at times, even when running an iron of 2.30 per cent 
silicon, we will once in a great while get a chilled casting. This we 
attribute to some of the scrap that got in the charge, although we try 
to remelt only thin castings that we think have about our composition. 


Mr. MCELWEE: If you melt scrap, how do you keep your chrome 
under that figure? All the scrap that is on the market has some 
chrome in it. 

Mr. RotH: That is what I am definitely interested in. We get a 
selected stove plate scrap. We have a high percentage pig iron in our 
mixture, and melt 20 per cent foreign scrap which we strive to keep 
to thin casting stove plate, keeping the grates low and leaving out any 
heavier scrap, engine blocks and the like, that could contain alloys. 
Definitely, in 1941, I am interested in knowing the composition engine 
blocks from automobiles 8 years old, such as we are likely to get today 
and may have to use. I do not know, Mr. Chairman, whether it would 
be of interest to anyone else to have available a list of the composition 
of iron made some years ago, showing various types of castings that 
we get in different grades of scrap today. It should help some to be 
able to look at a piece of scrap and know about what the composi- 
tion was. 





Reproducibility of Tests of Foundry Sand 


By STANTON WALKER*, Washington, D. C. 


Abstract 


The investigation described herein was carried out by 
the Foundry Sand Committee1!, National Industrial Sand 
Association, in an endeavor to be of help to the Foundry 
industry; of which the sand industry is an important 
part. The Committee has attempted, through the coop- 
eration of more than 40 laboratories, to study what vari- 
ations may be expected due to differences in equipment 
and testing technique. To do this, three series of tests 
were carried out: (1) Identical samples of unbonded sand 
were tested for sieve analysis; (2) some 30 portions of 
four master samples of unbonded sand were tested for 
sieve analysis and (3) two groups of master samples of 
bonded sand were divided into portions and were tested 
for fineness, strength, permeability and other properties. 
The results are explained in detail. The author stresses 
the two following points: (1) Tests applied to foundry 
sands are not reproducible with sufficient accuracy to 
permit the practical use of specifications involving nar- 
row tolerances and (2) the whole question of test pro- 
cedures needs further study if it is to be expected that 
reasonably uniform results are to be obtained by different 
laboratories. 


1. Increased dependence on test results, as a basis for the 
acceptance or rejection of foundry sands, makes knowledge of the 
reliability of test methods of outstanding importance. Sand char- 
acteristics are often specified without making allowances for toler- 


* Consulting Engineer, National Industrial Sand Association and Chairman, Associa- 
tion's Committee on Foundry Sands. 
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Ill.; C. Mathiesen, Whitehead Bros. Co., Albany, N. Y.; George Pettinos, Jr., Geo. F. 
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ances consistent with the economics of production, or with the 
significance of the test data. An important problem thus presents 
itself which deserves the consideration of the foundry industry 


2. The Foundry Sand Committee, National Industrial Sand 
Association, through the cooperation of more than 40 laboratories, 
has conducted a study of one phase of the broad problem—namely, 
what variations may be expected due to differences in equipment 
and testing technique? It is the purpose of this paper to summar- 
ize the results of that study and report on the work planned and 
carried out by the committee. 


SCOPE oF STUDY 


3. As the basis for the study, three principal groups of tests 


were carried out as follows: 
Series 1 


4. Identical samples of unbonded sand were given to commit- 
tee members in ‘‘round-robin’’ fashion for sieve analyses. Each 
sample, consisting of about 100 grams, was first tested by the mem- 
ber of the committee who prepared it and then, as recovered from 
the sieves, was passed on to another member of the committee, and 
so on. The primary purpose of these tests was to determine what 
variations would result from different sets of sieves and different 
sieving techniques in well-equipped laboratories. While 12 samples 
were started on the rounds and all 12 were tested by at least 2 
laboratories, only 5 were tested by all 5 of the cooperating labora- 
tories and are considered in this paper. 


Series 2 


5. Thirty-odd portions of four master samples of unbonded 
sands were distributed to different laboratories for sieve analyses. 
About half of the laboratories were of the foundry sand industry 
—the remainder represented users, commercial testing laboratories, 
educational institutions, research organizations, etc. Each portion, 
carefully selected to be representative of the master sample, con- 
sisted of 300 to 400 grams. This procedure afforded an opportunity 
for determining what variations would occur, not only from using 
different sieves and sieving technique, but also from the different 
methods used to select suitable samples from the 300 to 400 gram 
portions. To have a measure of the uniformity of the different 
portions, 17 samples were taken from each of the 4 master samples 
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iring the process of securing the ‘‘ portions.’’ These were tested 


one laboratory. 


6. Two groups of master samples of bonded sand (four in 
one group and six in another) were carefully divided into a num- 
ber of portions for distribution to several different laboratories 
for the usual tests which ineluded fineness, strength, permeability, 
etc. These laboratories, for the most part, represented users of 
sand. In the case of these samples, the division into ‘‘ portions’’ 


was made by the member of the committee providing the sample. 


Table 1 


FINENEss TESTS OF IDENTICAL SAMPLES OF 
UNBONDED FOUNDRY SANDS 


Tests carried out in 5 different laboratories) 


Sieve Analyses, Percents Between Adjacent Sieves 
Sample No. 7 


Sample 


3.1 
No. 


2.8 
40.0 
39.6 
40.6 
39.8 
40.6 
Sample 
32.3 35. 
29.8 43. 
31.2 85. 
33.0 35.2 
37.0 33.1 
33.4 34.8 
Sample | 
35.5 
49.0 
35.9 
36.6 
36.6 
36.2 
Sample No. 
33.0 
42.2 
33.6 
34.2 
33.9 
38.7 


Seic + Siu ye 
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1 Omitted from average 
* T — trace 
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Table 2 
SUMMARY OF FINENESS TEstTs OF IDENTICAL SAMPLES OF 
UNBONDED F'oOUNDRY SANDS 
(Data from Table 1) 


Sieve Analyses, Percents Between Adjacent Sieves Fine 
12 20 0 yo 50 70 100 140 200 ness 
te to to to to te to to to Pan No. 
Item 4 L/ 0 76 100 140 700 20 A.F.A 
Sample No. 
Av. 8.1 24.9 41.3 22.9 6.1 1.3 0.3 0.1 0 0 31 
High 4.1 26.6 43.4 24.4 73 1.9 0.5 0.1 82 
Low 1.8 23.5 40.0 22.2 5.2 0.9 0.1 0.1 31 
Range 2.8 = 3.4 2.2 1.9 1.0 0.4 0.0 ] 
Percent 128 13 ~ 10 36 111 400 0 8 
Mean var. % 23 3 2 8 . 25 47 0 1 
Sample No, 12874 
Avy. 0.1 6.6 45.3 40.6 6.8 1.0 0.2 0.1 85 
High 0.1 7.6 46.8 42.8 7.4 1.4 0.8 0.1 - 86 
Low 0.1 5.5 44.6 39.6 5.2 0.3 0.1 0 35 
Range 0 $3 2.2 8.2 2.2 1.1 0.2 0.1 — 1 
Percent * 0 88 5 5 42 867 200 - - 8 
Mean var. % 0 12 l 2 12 24 2 - — l 
Sample No. 12935? 
Av. 0.1 2.2 11.9 33.4 34.8 15.0 2.4 0.2 48 
High 0.1 2.5 12.9 87.0 35.8 16.1 2.8 0.3 49 
Low 0.1 2.0 11.3 31.2 33.1 12.0 2.1 0.2 7 
Range 0 0.5 1.6 5.8 2.7 4.1 0.7 0.1 — 2 
Percent * 0 25 14 19 8 84 83 50 - 4 
Mean var. % 0 - 4 5 3 10 s 12 —_ 1 
Sample No, 84? 
AV. 0.7 19.6 86.2 29.4 11.7 1.9 0.6 0.2 62 
High 1.0 23.1 36.6 31.8 13.8 2.4 1.0 0.2 63 
Low 0.5 18.2 85.5 25.8 9.7 0.7 0.2 0.1 61 
Range 0.5 4.9 1.1 6.0 4.1 1.7 0.8 0.1 2 
Percent? 100 27 8 23 42 243 400 100 8 
Mean var. % 25 9 l 7 10 30 50 25 1 
Sample No, 85? 
AV. — 1.2 21.7 33.7 28.1 11.5 2.4 1.3 - 63 . 
High 1.5 24.8 34.2 30.5 14.0 3.0 1.5 65 
Low 1.0 20.2 83.0 25.2 9.2 1.4 1.1 61 
Range 0.5 4.6 1.2 5.8 4.8 1.6 0.4 4 
Percent ? 50 23 4 21 52 114 36 7 
Mean var. % 12 7 l 7 12 23 18 2 


1 Percent of low value. 
*Results of one laboratory, B, omitted because of obviously defective No. 70 sieve. 


7. In addition to these major tests, certain ‘‘by-product’’ 


results were obtained which will be discussed later. 


Series 1—Uniformity of sieve analyses of identical samples. 

8. The results of the sieve analyses of the 5 samples of un- 
bonded sand, tested by the 5 laboratories in the ‘‘round-robin’’ 
fashion, are shown in Tables 1 and 2. Table 1 gives the details 
of the tests and Table 2 summarizes the ranges which are found. 
The sands ranged from fairly coarse to moderately fine (A.F.A. 
Fineness Numbers from about 30 to 65). The two coarsest sands 
(Fineness Numbers of 31 and 35) showed a fair degree of uni- 
formity, if ranges between high and low percentages retained of 
2 or 3 for the different size brackets are considered ‘‘fair.’’ How- 
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ver, it should be pointed out that these ranges, expressed as per- 
entages of the low value, amounted to well over 100 per cent for 
sieve brackets containing small amounts—which should demon- 
strate the impracticability of stating tolerances on a percentage 
basis. For example, laboratory E found 4.1 per cent of sample 
No. 7 retained between the No. 12 and No. 20 sieves, while lab- 
oratory B found 1.8 per cent—a difference in absolute numbers 
of only 2.3 but a percentage difference of 128. Similarly, in the 
No. 70 to No. 100 fraction, the range between the results of all lab- 
oratories was only 1.0, but that range expressed as a percentage 
of the low value was 111 per cent. 


9. For the sieve brackets containing the larger proportions 
a somewhat different picture is presented. Still considering the 
eoarser sands, the spreads between high and low percentages re- 
tained, found by the different laboratories, were 3 or less, as was 
the case for the smaller fractions, but the differences expressed 
as percentages are much lower—having an order of magnitude 
generally less than 10 per cent. 


10. The finer sands (average fineness numbers 48, 62 and 
63) did not show as good uniformity as the coarser ones. Ranges 
between low and high percentages of as much as 15 and 16 were 
found. However, it is clear that only one laboratory, B, was re- 
sponsible for such a wide range and that the No. 70 sieve of that 
laboratory was the chief culprit. Nevertheless, even with the re- 
sults of the erratic laboratory omitted, ranges between low and 
high percentages of from 4 to 6 appear, double those for the coarser 
sands. 

11. Figure 1 summarizes the ranges in sieve analyses shown 
for one of the coarse sands, sample 7, and one of the finer sands, 
sample 84, and serves to show more clearly the picture outlined 


above. 


12. In spite of the discrepancies in sieve analyses, it is inter- 
esting to note that the fineness numbers were not greatly affected. 
The maximum difference expressed as a per cent of the low value 
is 7 or less for the finer sands, and only 3 for the coarser ones. 
Even the erratic analyses from laboratory B were not reflected 
in the fineness number, which gives rise to some interesting specu- 
lation. 


It is evident that the procedure followed is open to at 
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least one major criticism; namely that the samples were not 100 


‘ 


per cent ‘‘recoverable’’ from the sieves, that each successive lab- 
oratory had a little bit less of the original sample to test and that 
the amounts of different sizes ‘‘unrecoverable’’ from the sieve nest 
may not have been proportional to their occurrence in the original 
sample. However, it is believed that criticism is valid to only a 
limited extent and that the results of these tests may be used to 
indicate the degree of concordance existing between laboratories 
under favorable conditions of test. These data are not sufficiently 
comprehensive to permit drawing broad conclusions, but they are 
presented as being of interest and as throwing some light on a 
problem which requires further study. 


Series 2—Uniformity of sieve analyses of portions of 


unbonded sand sample. 


14. The tests of ‘‘identical’’ samples just discussed are of 
somewhat academic interest since they do not cover a condition 
likely to be encountered in practice. A more important phase of 
the practical problem is represented by tests of portions of the 
same sample by different laboratories. It was to that phase that 
the attention of the committee was directed principally. 


15. The results of the sieve analyses of the four unbonded 
sand samples, which were divided among 30-odd laboratories, are 
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unmarized in Table 3. Data were received from 27 laboratories. 
, general tests were made on 50 gram samples. The somewhat vol- 


uminous tabulations, from which this summary was made, do not 


end themselves to quick comprehension, and they are not included 

the paper. They are available as Tables A to D inclusive, in a 
ipplementary report which will be furnished on request to the 
vriter or to the American Foundrymen’s Association. 


16. No specific instructions were given the cooperating lab- 
oratories. It was said only that ‘‘it is desirable that you con- 
duct the tests according to your regular practice for acceptance 
tests of foundry sand.’’ It was requested that the procedure fol- 
owed be described in detail and the hope was expressed that each 
aboratory would use the series of sieves conforming to the Federal 
standards outlined in the American Foundrymen’s Association book 
on ‘‘ Testing and Grading Foundry Sands and Clays.’’ Thus, by in- 


Table 3 


SUMMARY OF SIEVE ANALYSES OF DIFFERENT PORTIONS OF 
SAME SAMPLE BY 27 DIFFERENT LABORATORIES 


Sieve Analyses, Percents Between Adjacent Sieve: 
70 30 10 u 100 140 
to to to to oO to to 
4,0 “ a ; 0) 700) 
Sample 1223 
Average ).7 6.1 25.8 40.8 22.8 3.4 0.3 
High of ; 8.0 32.4 44.8 31. 5. 0.6 
Low 2 3.0 21.4 29.5 S. 3. 0.0 
Difference 
Range ... of 5.0 . 5.8 i. 3.7 0.6 
Percent... 167 j 5 
Mean var. % 
Average . 
High 
Low 
Difference 
Range 
Percent? 
Mean var. 


7) 


Average 
High . 
Low 
Difference 
Range . 
Percent? 
Mean var. 


Average . 5 7. 37. §.£ 
High ..... = of 55. 54. 6.9 
Low J f 9.1 J 3.6 
Difference 
Range ........ 0. . 23. 3.3 
Percent? ‘ ‘ 
Mean var. % 79 10 
* Percent of low value. 
* Laboratory No. 11 excluded from averages. 
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ference, A.F.A. standard procedure was suggested. The master 
samples were divided under the direction of Harold Francis, Na 
tional Bureau of Standards, and the writer. Each of the four 
master samples was moistened, thoroughly mixed by hand, and the 
portions dipped from the heap, each beig placed in a compression- 
top metal can which was immediately sealed. 


17. It was requested that complete information be furnished 
with respect to test procedure. The details of the information sub- 
mitted are not included in this paper, since a study of them does 
not offer an explanation for the variations in results. There seems 
to be no consistent relationship between the results and the infor- 
mation furnished with respect to the conditions surrounding the 
tests. Perhaps, however, this phase of the problem merits closer 
study. 


18. In the summary Table 3, high, low, and average values 
are shown as well as ranges expressed in absolute numbers, as per- 
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centages of the low value and as mean variations from the average. 
Figure 2 shows the high, low, and average values for the coarsest 


and finest of the four samples. The differences shown are greater 


than for the identical samples discussed earlier, and they are dis- 
turbingly large when it is considered that they represent carefully 
selected portions of the same sample and not different samples 
from a large stock. Almost any one of the analyses probably gives 
as accurate a picture of the grain distribution as would be signifi- 
cant to the usability of the sand, but, nevertheless, the ranges are 
far too great to make feasible the application of too rigid specifi- 
cations. 

19. The diagram, showing extremes, tends, of course, to ex- 
aggerate the lack of uniformity. Figure 3 gives a somewhat better 
picture of the ranges which were found; the results from each of 
the laboratories are platted and arranged in order of magnitude 
from low to high. While certain of the lower values fall outside 
the major grouping, wide spreads are still shown after their 
omission. 


20. A higher degree of uniformity was obtained from the 17 
portions of each of the four samples tested by the single labora- 
tory than for the different laboratories, but the range is still fairly 
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Table 4 
SUMMARY OF SIEVE ANALYSES BY ONE LABORATORY 


Tests made on 17 samples from each of four lots of sand 


Sieve Analyses, Percents Between Adjacent Sieves Fine 
f I, 0 70 00 140 200 ness 
+ 20 to te Oo to to to to to Pan No. 
teom* ( A ) 0 on 4 "0 70 i.F.4 
Sample 1223 : 
Average 0 0.7 6.6 25.1 41.8 21.8 3.5 0.4 0.2 53 
High 0.2 1.0 7. 27.4 43.2 27.0 5.0 0.6 0.2 55 
Low 0.0 0.6 5.6 23.2 37.6 19.4 2.2 0.2 0.0 51 
Difference 
Range 0.2 0.4 2.0 4.2 5.6 7.6 2.8 0.4 , 0.2 ‘ 
Percent! 67 86 18 15 39 127 200 . 
Mean var. % l¢ s ‘ 2 7 13 15 l 
Sample 1224 
Average 0 0.1 1.1 22.5 42.7 24.0 8.0 i. 0.2 58 
High 0 0.2 1.4 26.0 45.4 26.4 9.0 2.0 0.4 59 
Low 0 0.0 0.8 21.0 39.0 20.0 6.2 0.8 0.0 
Difference 
Range 0.2 0.6 5.0 6.4 6.4 2.8 1.2 0.4 4 
Percent? 75 24 16 82 45 150 ; 7 
Mean var. % 100 11 4 2 4 8 16 l 
Sample 122: 
Average 0 0.1 16.0 1.5 21.1 8.4 2.3 0.5 0 45 
High 0 0.2 17.0 53.8 23.0 11.2 3.4 1.0 0.2 47 
Low 0 0.0 13.8 17.8 19.4 7.0 1.4 0.4 0.0 14 
Difference 
Range 0.2 3.2 6.0 3.6 4.2 2.0 0.6 0.2 3 
Percent? 23 13 19 60 143 150 7 
Mean var. % 100 4 2 4 8 15 25 1 
Sample 1226 
Average 0.2 5.9 48.8 39.3 4.3 1.4 0.2 0 0 35 
High 0.4 6.8 50.3 43.0 5.4 2.2 0.4 0.2 0 35 
Low 0.2 4.4 16.6 87.0 3.4 0.8 0.0 0.0 ~° 0 34 
Difference 
Range 0.2 2.4 8.7 6.0 2.0 1.4 0.4 0.2 1 
Percent? 100 5S . 16 59 175 3 


Mean var. % 6 7 2 2 11 21 41 0.3 


‘Per cent of low value. 


wide. All of these tests were made by the same operator using the 
same set of sieves. These results are summarized in Table 4. 
Details are shown in Table E of the supplementary report referred 
to previously. The average variations from the mean are about 
one-half those for the 27 different laboratories, where major frac- 
tions are considered. 


21. This is well illustrated by the curves in Fig. 4 which, 
while somewhat ‘‘idealized,’’ serve to show the order of magnitude 
of mean variations for different amounts retained for, on the one 
hand, one result from each of about 27 different laboratories and, 
on the other hand, 17 tests by one laboratory. This diagram, 
Fig. 4, serves to suggest what proportion of the range may be due 
to laboratory technique and what proportion is inherent in the 
test. If it is assumed that the variations shown for the 17 tests 
‘‘inherent’’ in the test, then it may be rea- 


by one laboratory are 
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soned that the distances between the two curves represent the 
roportions of the variations due to laboratory technique. 


22. These data are presented as being comprehensive and 


por- 
tions’’ with meticulous care. Only ‘‘good’’ laboratories were asked 


‘epresentative. The master samples were divided into the ‘‘ 


to cooperate. The uniformity shown, therefore, is better than 
should be expected in the average case of comparisons between two 
r more laboratories, and probably far better than if the addi- 
onal variable of selecting different samples from a carload lot 


vere involved. 


Series 3—Sieve analyses of bonded sands 


23. Sieve analyses summaries of the two sets of bonded sand 
samples are shown in Table 5. The detailed data, as was the case 
for the unbonded sands, are voluminous; they are not included 
in this paper, but they are available as Tables F and G in the 
supplementary report which will be furnished on request. 
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24. Due to the inclusion of clay in the samples, the indi 
vidual fractions of sand separated by the sieves are somewhat 
smaller than those previously considered for the unbonded sands 
and that accounts in part for the fact that the percentage varia 
tions between the test results of different laboratories are appre 
ciably greater. A comparison of the mean variations for the clay 
content and grain determinations is of interest. These values ap 
pear to indicate that the method for determining the clay content 
of the bonded sand is somewhat less subject to error than that for 
determining the sand grain. 

25. On the other hand, it should be pointed out that ranges 
in clay percentages of 5 or 10 represent a much more significant 
change in the characteristics of the sand than do similar ranges 


in the grain percentage retained on any one sieve. 


26. As was found in the case of the unbonded sands, consid 
erable differences, expressed as percentages, exist between the re 
sults of different laboratories for those sieve brackets containing a 
small amount of sand, and smaller differences (in percentages 
for the sieve brackets with large amounts of sand. In some in- 
stances, the finer sieves show a greater mean variation than the 
coarser sieves, but this is not definite enough to be accepted as a 
generalization. In general, the sieve analyses show mean varia 
tions from the average of 10 to 20 per cent, and differences be- 
tween the maximum and minimum of 100 per cent, or more, are 
quite frequent. 

27. If asummation of the mean variations based on the mag- 
nitude of the portions retained on each sieve is made, as was done 
for the unbonded sands in Fig. 4, some explanation of the large 
variations noted appears. This is seen in Fig. 5. Comparison of 
the curve in Fig. 5 with the curve for the 27 laboratories in Fig. 4, 
shows a striking similarity, and it appears reasonable that the two 
curves represent conditions influenced by the same factors. Un 
doubtedly, the variations shown by the curve in Fig. 5 are due 
partly to differences caused by the sampling method, and partly 
to differences in laboratory technique. 


28. The results of sieve analyses of a coarse and a fine sand. 
including clay and pan, are shown in Fig. 6. Average values for 


four of the bonded sands are shown in Fig. 7. It seems evident 
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that the high percentage of material passing the No. 270 sieve 
predominates in fixing the appearance of the figure in such a man- 
ner as to obscure the picture of grain distribution. To show this 
effect, Fig. 8 has been platted, with the pan and clay excluded, 
and with the gradings recalculated in terms of the material coarser 
than the No. 270 sieve as 100 per cent. It is believed that the lat- 
ter diagram affords a clearer picture of the sand than does Fig. 7. 
Of course, the information given should be supplemented by a 
statement of the amount of pan and clay included in each sample. 
The range in values for material retained in the pan, and the clay 
for the samples of sand shown in Table 5, is platted in Fig. 9. 


29. It should be pointed out that these values represent the 
extremes of the reported test results. On the other hand, the ranges 
are for portions of the same sample tested in selected laboratories 
and, therefore, are probably no greater, if as great, as might be 
found for comparisons between any two laboratories where the 
variable of sampling enters. A more detailed picture of the ranges 
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is shown in Fig. 10 where the results for each laboratory are plat- 


ted in order of magnitude from low to high. For convenience of 
comparison, the values are expressed as percentages below or 


above the average. 


MISCELLANEOUS TESTS OF BONDED SANDS 


30. Data for two groups of permeability and strength tests 
are shown in Tables 6 and 7. Table 6 presents the results of tests 
on four sands made by 13 laboratories. All of the cooperating lab- 
oratories did not make determinations for all of the items shown 
but not less than 12 laboratories reported permeability and green 
strength and not less than 5 reported dry strength, in all cases. 
Table 7 gives the results of the six samples tested by nine labora- 
tories. Results ‘‘as received’’ were reported by all nine but only 
seven laboratories made tests on the sand after it had been re- 
tempered to 6 and 8 per cent of moisture. Tables G and H in the 
supplementary report give the details of the results. 


31. The most striking feature shown by Tables 6 and 7 is 
the wide and uniform range in results for these important tests 


As examples, the mean variation from the permeability average 
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for the four sands in Table 6 varies from 15 to 24 per cent, and 


the green compression strength varies from 16 to 19 per cent 
Similar results are noted in Table 7. Fig. 11, giving high and low 
values for the green compression strength for the two groups of 
samples, also illustrates the considerable and remarkably constant 
spread in test results. A similar diagram of the permeability tests 
would be desirable but the great difference between high and low 
values in the entire number of sands prevents the preparation of 
the figure to a scale which would reveal the differences in an in- 
formative manner. It must be sufficient to state that the results 
for permeability vary even more widely than those for the green 
eompression strength here illustrated. 


32. A tenable conclusion from these data would appear to 
be that a condition, or conditions, of the testing technique in the 
different laboratories, which is not revealed by the record, fixed 
the level of the results and caused ranges between data from dif- 
ferent laboratories larger than those which would represent normal 
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Table 6 


SUMMARY OF MISCELLANEOUS TESTS ON 4 SAMPLES OF 
BONDED SAND 


Percent Permea Green Strength Dry Strength 
Item Moisture bility Shear Compression Shear Compression 
Sample A—Tests by 18 Laboratories 
Average 7.1 7.4 1.5 7.8 3.6 25.2 
High 7.9 12.0 1.9 9.3 4.5 37.0 
Low 6.8 1.4 2 6.1 2.0 13.0 
Difference 
Range i 7.6 0.8 3.2 2.5 24.0 
Percent! 1¢ 173 73 52 125 185 
Mean var. % ‘ 22 17 10 23 36 
Sample F Tests bu — Laboratories 
Average 7.1 8.0 1.8 8.8 5.6 38.6 
High oe 14.7 2.3 12.0 7.7 59.0 
Low .2 0 1.2 7.4 3.0 25.5 
Difference 
Range 2.5 9.7 1.1 4.6 4.7 $4.5 
Percent? 48 194 92 62 157 135 
Mean var . 24 16 13 29 23 
Sample ¢ Tests byw 18 Laboratories 
Average 5 19.9 1.8 6.4 5.0 34.4 
High 5 38.0 1.6 7.7 7.5 43.0 
Low 4.5 13.4 0.9 4.9 3.0 25.5 
Difference 
Range 1.3 24.6 0.7 2.8 4.5 17.5 
Percent? 30 184 78 57 150 69 
Mean var y 5 19 17 13 39 20 
Sampl. dD Tests bu — Laboratories 
Average 5.2 8.8 1.4 7.8 1.4 29.6 
High 5.8 80.0 2.2 9.6 5.5 36.0 
Low : 5.0 38.0 1.0 5.1 3.4 25.0 
Difference 
Range 0.8 42.0 1.2 4.5 2.1 11.0 
Percent* if 111 120 88 62 14 
Mean var ‘ 15 19 138 i8 10 


* Percent of low value. 
errors inherent in the methods. That is to say, a ‘‘personal equa 
tion’’ factor appears to have exerted more influence in these deter- 
minations than in the ones discussed earlier. The need for further 


study of testing technique is indicated. 


‘*‘By-Propuct’’ REsuLtTs 


3. As was mentioned in the forepart of this paper a num- 
ber of ‘‘by-produect’’ results were obtained during the course of 
this investigation. Since they are ‘‘by-product,’’ the data are 
neither comprehensive nor conclusive, but some of them appear to 


be of sufficient interest to mention briefly. 


Method of sampling 


34. Two laboratories did work in a study of sampling meth- 
ods. The data, summarized and greatly condensed, are shown in 
Table 8. In each case 6 samples were taken by different methods; 


one laboratory testing 2 sands and the other only one. Samples 
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were taken dry and wet, from chutes and from cars. The range 
between high and low results was even less than for the 17 por 
tions tested in one laboratory, although that would be expected 
under similar conditions on account of the smaller number of 
determinations. The percentage of mean variation, on the other 
iand, was about three times that for the 17 determinations. The 


Table 7 


SUMMARY OF MISCELLANEOUS TESTS ON 6 SAMPLES OF 
BONDED SAND BY 9 LABORATORIES 


Retempered with Retempered with 
As Received 6% Moisture 8% Moisture 
Green Green Green 
Compres- Compres- Compres- 
Moisture Permea sive Permea- sive Permea sive 
Percent bility Strength bility Strength bility Strength 


Sample 

Average manen - 7.8 190 7.3 181 
High nanan iene J 250 8.8 320 
Low . # 150 1.6 129 
Difference 

Range eee f 100 4.2 191 

Percent’ . ilalindinideadid 2 67 91 148 
i a & 15 14 22 

Sample : 
6 5 18.4 
27.0 


Average j 
( 5. 
0 1. 15.0 


_ 17 
High —_ wien 13.5 23.0 
5 15. 


Low tied 
Difference 
I t ‘ 1.8 12.0 
Percent? . 7 53 30 
Mean var. %... —_ : ‘ 19 
Sample 
Average 130 10.0 
High . ‘ 190 12.6 
0 SSeS 8 90 
Difference 
Range ......... ‘ 8. 100 
Percent? SAS A Ee d 111 
Mean var. %.........-.--. 18 
Sample 
Average ieoeneceoten of 238 9. 
High ies 5.3 330 14, 
ae 8.! 175 7. 
Difference 
ae 
Percent’ ... 5s 89 
Mean var. %. 16 
Sample 64 
18.0 8.8 
25.0 9.6 
14.0 6.7 


Average 
High 
Low 
Difference 
Range 11.0 2.9 
Percent? . 79 43 
Mean var. siheadatadlalieadel 15 & 
Sample 6 
Average ' f 44.1 9.9 
High ..... § 55.0 11.7 
Low — sea ‘ of 84.0 7.8 
Difference 
ees d 21.0 
Percent? 62 
Mean var. %. 17 


Percent of low value. 


Siete 


ro * 
Dro 
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Sieve 


Average 

High 

Low 

Difference 
Range 
Percent?! 

Mean var 


Average 


High 

Low 

Difference 
Range 
Percent? 

Mean var 


Average 


High 
Low 
Difference 

Range 

Percent? 
Mean var. 

Percent of low 

{ OMPARISON OF 


Nieve analyses exrpre ssed as 


[MARY 


OF 


A.F.A. 


REPRODUCIBILITY OF 


Table 8 
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SIEVE ANALYSES OF SAMPLES SELECTED 


DIFFERENT METHODS 


an parate PY 


same sands as shown in Table 10. 
Sieve inalyses, Percents Between Adjacent Sieves 
6 12 20 30 40 0 0 100 140 00 
Sieveto to to to to to to to to to Pan Clay 
Vo. 12 20 30 10 50 70 100 140 200 270 
Typical Sands Without Clay 
I 0.1 0.8 6.3 25.4 41.2 22.4 3.4 0.2 0.1 0.1 0 
2 10 25.0 $1.4 24.2 7.2 0.9 0.3 0 0 
3 17.9 51.2 20.1 8.0 2.3 0.8 0.1 0.1 0 
4 6.6 48.4 87.5 5.4 1.6 0.4 0.1 0 0 0 
Non-Typical Sands Without Clay 
5 20 10 10 10 10 10 10 10 5 5 0 0 
6 10 20 20 20 10 10 10 0 0 
7 100 0 0 0 0 U 0 0 
s 10 20 40 15 5 5 5 0 0 
Typical Sands Containing Clay 
a 0.1 0.2 0.2 0.3 0.6 4.6 12.1 12.0 53.4 16.5 
10 0.6 2.6 7.8 8.0 7.7 5.6 7.8 8.7 38.0 13.2 
11 0.3 1.5 8.0 18.3 20.0 15.4 Tor 16.9 11.9 
12 0.8 0.9 4.2 16.0 21.4 18.5 11.9 5.8 3.1 6.0 11.9 
Non-Typical Sands Containing Clay 

i3 10 0 10 10 10 10 10 10 10 10 
14 10 10 20 40 = 20 
15 l 4 5 10 40 40 
16 10 50 30 5 5 


Analyses, Percents Between Adjacent Sieves 
0 0 0 100 
to to to to 

( 0 00 140 
nple 873-8—-Laboratory A 
0.1 4.8 44.3 43.9 1.8 0 0.2 
0.1 6.5 46.2 45.4 6.2 1.1 0.3 
0.0 3.9 43.1 40.9 5.3 1.9 0.1 
0.1 2.6 3.1 4.5 0.9 0.2 0.2 
7 7 il 17 22 200 
100 15 4 7 ’ 0 50 
Sample 12934-9 Laboratory A 
0 .. 10.3 32.3 35.8 6.8 2.8 
0.1 2.1 11.9 34.2 36.5 17.7 3.3 
0.0 1.0 g.8 31.0 34.9 5.8 2.3 
0.1 1.1 3.1 3.2 1.6 a] 1.0 
110 35 10 ) 12 43 
I 16 6 ; 6 18 
Sample 4 Laboratory B 
1.6 26.2 39.5 22.6 5.2 2 0.5 
2.1 10.7 $1.2 25.1 10.9 .6 0.8 
0.6 23.2 38.2 20.7 9 ).7 0.3 
a] 7.5 3.0 4.4 5.0 0.9 0.5 
250 52 8 21 118 129 167 
158 15 $ 10 63 64 60 
Table 9 
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( OMPARISON 


OF 


A.F.A. 


Table 10 


FINENESS NUMBER AND GRADING MopuLus 


Sieve analyses expressed as ‘‘cumulative’’ per cents; data are for 


Sane sands as shown im Table 9. 


Sieve Analyses, Percents Retained on Each Sieve 


ve Pan 


100 
100 
100 
100 


100 
100 
100 
100 


83.5 
86.8 
88.1 
R&.1 


90 
80 
60 
95 


v0 


99.9 
100 
99.9 
100 


100 
100 
100 
100 


20 
90 


aii 


99.8 
99.7 
99.8 

100 


95 
90 
100 
95 


18.1 
40.1 
63.5 
79.0 


70 
20 
10 
60 


140 


99.6 
98.8 
99.5 


99.9 


90 
80 
100 
90 


6.0 
32.3 
48.1 


73.2 


60 
10 
5 


10 


sn 20 


Without 
32.6 Te] 62 62 
26.0 1.0 0 


Typical Sands Clay 
96.2 73.8 
91.6 67.4 
97.2 89.2 69.1 17.9 0 
99.5 97.9 92.5 55.0 6.6 0 
Non-Typical Sands Without Clay 
RO 70 60 40 10 30 20 
70 0 30 id 0 
100 100 100 0 
85 70 30 10 


Typical Sands Containing Clay 
1.4 0.8 0.5 0.38 O.1 0 
26.7 19.0 11.0 8.2 0.6 0 
28.1 9.8 1.8 0.3 
61.3 42.8 21.4 4 1,2 3 
Non-Typical Sands Containing Clay 
50 40 30 20 10 
0 
1 0 
0 


See Fig. 11) 


Fine 
ness 


Vo. 


AFA 


50 
79 
40 
64 


248 
186 
142 


86 


105 
230 
253 
163 


Grading 
Modulus 


divided by cumulative percent 
100. 


*Sum of percentages, 
2Same as (1) except sum divided by 


retained on pan 


details of the procedures are not ineluded sinee no significant 


variations were found. 


Tume of sieving 
30. Two laboratories furnished information on effect of time 
if sieving. 


One obtained results after 5, 10, and 15 minutes using 


a 100-gram sample. The second made tests at periods from 5 to 
All of the sand 
The results of these 
tests indicate that a 10-minute sieving time in each case is the 
that a 
longer time of sieving may be more desirable, and particularly for 


30 minutes using a sample of about 170 grams 


tested came from the same master sample. 


the size used, but 


minimum permissible with samples of 


these large samples. 
36. the 


A.F.A. recommends that a sample no larger than about 50 grams 


[t should be pointed out that the test procedure ot 
be used and that it be sieved for 15 minutes. These data, meager 
though they are, offer evidence in support of those recommenda- 
tions. 


Weight of Sample 
37. 
was obtained by one laboratory and is shown in Fig. 12. 


Some information on the effect of the test sample weight 
Samples 











812 REPRODUCIBILITY OF TESTS OF FOUNDRY SAND 





PLUS 
oe 


SRAM SAMPLE 


FROM 40 ( 
— + 





ra 
ww. 
a ze 
- 3 
« 
a 3 
a 
* 








ea 





Ww 


m 


GHT OF SAMPLE, GRAMS 


Fic. 12—Errect oF WEIGHT OF SAMPLES. 


weighing approximately 40, 50, and 70 grams were sieved for 10 
minutes. With increase in sample weight, an increase in the mate- 
rial retained on the No. 30 and No. 40 sieves is found. Correspond- 
ing decreases in the material on the No. 50 and No. 70 sieves ap- 
pear. It is evident that, in this particular case, the increase in 
weight of the sample prevented a thorough separation of the grain 
sizes with the 10-minute sieving. These data again afford support 


of A.F.A testing procedure 


CONCLUSIONS 


38. No attempt will be made to outline conelusions to which 
the data appear to point, and which have already been referred 
to, except to reemphasize two major points which appear to stand 


out 


l Tests applied to foundry sands are not reproducible 
with sufficient accuracy to permit of the practical use of specifi- 


eations involving narrow tolerances. 


2) The whole question of test procedures needs further 


study if it is to be expected that reasonably uniform results are 


to be obtained by different laboratories. 





STANTON WALKER 


ACKNOWLEDGMENT 


39. It would be impractical for the writer to give acknowledg- 
ment for all of the assistance he has received in collecting and 
orrelating these data. All members of the National Industrial 
Sand Association’s Foundry Sand Committee deserve recognition 
or their assistance in furnishing samples, carrying out tests, and 
n reviewing and criticizing preliminary reports of the investiga- 
tion. Special acknowledgment is due C. Mathieson who reviewed 


and assisted in polishing the final draft. 


10. Acknowledgment also is due the following companies 


which compiled the results on which this paper is based 


AMERICAN BRAKE SHOE & FOUNDRY CoO., MELROSE PARK, ILL. 

Atk HYGIENE FOUNDATION OF AMERICA, PITTSBURGH, PA. 

AMERICAN SEATING Co., GRAND RAPIDS, MICH. 

AYERS MINERAL Co., ZANESVILLE, OHIO 

BROWN & SHARPE MANUFACTURING CO., PROVIDENCE, R. I. 

CENTRAL SILICA Co., ZANESVILLE, OHIO 

CINCINNATI MILLING MACHINE Co., CINCINNATI, OHIO 

CORNELL UNIVERSITY, ITHACA, N. Y. 

CROUSE HINDS Co., SYRACUSE, N. Y. 

DEERE & COMPANY, MOLINE, ILL. 

ForEST CITY FOUNDRY Co., CLEVELAND, OHIO 

GENERAL ELECTRIC Co., WEST LYNN, MASs. 

GENERAL STEEL CASTING CORP., EDDYSTONE, PA. 

GREAT LAKES FOUNDRY SAND Co., DETROIT, MICH. 

HARDY SAND COMPANY, EVANSVILLE, IND. 

HOUGLAND AND Harpy, INC., EVANSVILLE, IND. 

HUNT-SPILLER MFG. Co., BOSTON, MASS. 

INDUSTRIAL SILICA CO., YOUNGSTOWN, OHIO 

CHas. C. KAWIN Co., CHICAGO, ILL. 

LEBANON STEEL FOUNDRY, LEBANON, PA. 

LUNKENHEIMER Co., CINCINNATI, OHIO 

MANLEY SAND Co., ROCKTON, ILL. 

NATIONAL BUREAU OF STANDARDS, WASHINGTON, D. C. 

NATIONAL SAND & GRAVEL ASSOCIATION, WASHINGTON, D. C. 

OTIS ELEVATOR Co., YONKERS, N. Y. 

OTTAWA SILICA Co., OTTAWA, ILL. 

PEERLESS MINERAL PRODUCTS CO., CONNEAUT, OHIO 

PITTSBURGH TESTING LABORATORY, PITTSBURGH, PA. 

READING STEEL CASTING DIVISION OF AMERICAN CHAIN & CABLE CoO., 
INC., READING, PA. 

WALTER M. SAUNDERS, PROVIDENCE, R. I. 

SINGER Mrc. Co., ELIZABETHPORT, N. J. 

Som, CONSERVATION SERVICE, CALIF. INSTITUTE OF TECHNOLOGY, PASA- 
DENA, CALIF. 











814 REPRODUCIBILITY OF TESTS OF FOUNDRY SaAnp 


W. S. TYLeR Co., CLEVELAND, OHIO 
WESTINGHOUSE ELEcTRIC & MFG. Co., TRAFFORD, PA. 
WHITEHEAD Bros. Co., ALBANY, N. Y. 


Appendix 
MEASURES OF GRADING 


The writer, in the course of correlating the data collected by the 
National Industrial Sand Association’s Foundry Sand Committee and 
presented in this paper, became interested in a phase outside the scope 
of the present studies of the committee—that of factors for evaluating 
gradings. He arrived at something which he believes may be of interest 
to students of foundry sand. Since he does not wish to saddle the com- 
mittee with any responsibility for those ideas, it seems appropriate to 
present them as an appendix to the paper covering the committee’s 
work. 


Sieve analyses include a considerable number of interdependent fig- 
ures. Consequently, it is difficult to paint a word picture of what they 
show. One skilled in interpreting such data can say, with various quali- 
fying adjectives, that the sand is fine or medium or coarse, that it has a 
balanced grading or an unbalanced grading, and use a number of other 
phrases, but none of them outlines a clear, tangible and usable picture. 
The desire for a single number to describe gradings led to the develop- 
ment of the A.F.A. fineness number, various distribution factors, the 
Abrams fineness modulus (in the construction industry) and several 
other measures. 


The A.F.A. fineness number is widely used in the foundry industry. 
That it affords a measure of an important phase of the grading picture 
cannot be doubted. Just what its significance is in measuring the usabil- 
ity of a foundry sand will not be discussed in this paper nor is the 
writer competent to discuss that question. He does know how to com- 
pute it, however, and he knows that a considerable volume of arith- 
metic, though simple, is involved. The writer has been familiar with 
the Abrams fineness modulus, as used in the construction industry, 
since its inception about 25 years ago and he has had a considerable 
amount to do with developing its applications. Consequently, on coming 
in closer contact with the foundry industry, he became interested in 
comparing that measure with the A.F.A. fineness number. 


Calculation of the fineness number involves consideration of the 
pan and sieve numbers 270, 200, 140, 100, 70, 50, 40, 30, 20, 12, 6, etc.; 
each sieve, up to the No, 20, having a clear opening \/2 times the next 
finer sieve. The calculation of the fineness modulus requires considera- 
tion only of sieve numbers 100, 50, 30,16, 8, ete.; each sieve having a 
clear opening 2 times that of the next finer. This difference in sieves 
affords a ready explanation as to why a good relationship between the 
two measures was not shown in the earlier comparisons which were 


made. 
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The question then arose as to what would be the relationship be- 
tween the A.F.A. fineness number and a factor calculated the same as 
the fineness modulus, except to take account of the pan and all of the 
sieves used in determining the fineness number. Such a comparison 
was made and the new factor has been called the “grading modulus.” 
The very excellent relationship shown between this adaption of Abrams’ 
fineness modulus and the A.F.A. fineness number is shown in Fig. 13. 
It is evident from that diagram that either factor, the “grading modu- 
lus” or the “fineness number,” presents about the same picture of the 
grading. 


If these two factors are of equal significance it will be immediately 
asked why introduce a new measure to further complicate an already 
complicated picture. The answer to that question, to the writer at least, 
is clear. The calculation of the “grading modulus” is extremely simple; 
it involves only the expression of the sieve analysis in cumulative per- 
cents retained on the pan and each sieve, the summation of those per- 
centages and the division of the sum by 100 or by the cumulative 
percentage retained on the pan depending on whether it is desired to 
calculate “total” grading modulus or “grain” grading modulus. The 
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“pan” is treated the same as a sieve and is assumed to retain every- 
thing except clay. It should not be necessary, in a paper before this 
group, to describe how the fineness number is calculated. 


The points on which Fig. 138 is based came, except for the two 
furthest to the right and the one furthest to the left, from the column 
of “grain” grading modulus in Tables 9 and 10. Both tables are based 
on the same sands; in Table 9 the values are expressed in the manner 
to which the foundry industry is accustomed, i.e., as “separate” percent- 
ages, while in Table 10 the sieve analyses are expressed “cumulatively.” 


Space will not be taken in this paper to attempt to receoncile in 
detail the mathematical relationships between the two measures. Ob- 
viously they are not mathematical equivalents but they are closely re- 


lated functions. The A.F.A. fineness number may be expressed as: 
9 
op 
sp, 2 p 1.4 pe l py 0.7 p = 
ion’ 
9 2 
Py p Ph 
1 


with each succeeding factor being, very approximately, \/ 2 times the 
preceding one and where p,, p. etc., are the “separate” percentages 
retained between adjacent sieves. It may be said to be an approximate 
function of the reciprocal of the weighted average of the grain size, or, 
more accurately, the weighted average of the reciprocals of the grain 
size. The grading modulus, on the other hand, is a reasonably tangible 
function. It may be expressed as follows: 


P,+2poe+3pg + 4P+..-.- + mp 
“Grain” grading modulus 
P, + Pot r Py 
p, + 2 Ps + 3 Pg + 4 Pg + .--- + np 
“Total” grading modulus 100 


Tangibly, it is a direct function of the area under the sieve analysis 
curve when the cumulative percentages retained on each sieve, includ- 
ing the pan, are plotted in relation to the logarithm of the clear open- 
ings of the sieves. (This assumes, of course, a finite “opening” in the 
pan large enough to pass the clay.) 


The total grading modulus can be used to give a picture including 
the clay content, and a similar modification can be made of the A.F.A. 
fineness number. The “grain” grading modulus has been used in plot- 


ting the diagram to make the values more nearly comparable to the 
fineness number as commonly used. Of course the “total” grading modu- 
lus and the “grain’’ grading modulus are the same if there is no clay. 
This “total’’ function lends itself to some interesting manipulation, of 
which only one illustration will be given. Suppose we have two sands, 
one with a grading modulus of 5.8 and another with a grading modulus 
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f 1.0 and we desire to blend the two to furnish a sand with a grading 
iodulus of, let us say, 2.2. 
We have the relationship 
p 100 Mc-Md 
Mc-Mf 


where, 
p— percentage of fine sand in terms of fine plus coarse 
Me total grading modulus of coarse sand 
Mf = total grading modulus of fine sand 
Md=total grading modulus of sand desired 
Substituting, 


74 per cent 


That is to say, if a mixture is made of 74 per cent of the fine sand 
(total grading modulus 1.0) and 26 per cent of the coarse sand (total 
grading modulus 5.8) the result will be a sand having a grading modu- 


lus of 2.2. 


Further, it is suggested that a modification of the grading modulus 
can be used to study distribution and “skewness.” 





Discussion 


Presiding: W. G. REICHERT, American Brake Shoe & Foundry Co., 
Mahwah, N. J. 


Co-Chairman: R. F. HARRINGTON, Hunt-Spiller Mfg. Co., Boston, Mass. 


Dr. H. Ries! (Written Discussion): I have read with great interest 
Mr. Walker’s report on “Reproducibility of Tests of Foundry Sands.” 


It contains a mass of detailed information which requires some 
time to digest, and this is all the more true if we include the tables 
containing the details of tests by individual laboratories. The committee 
is to be congratulated on the amount of work it has accomplished. 


I think it will be understood that the work described in the report 
was initiated because: (1) It was felt that some consumers were making 
their specifications too severe, or differently stated, making their toler- 
ances too narrow, and (2) there was an honest desire to determine how 
much variation the tests, made on the same sand by different parties, 
might show. 


It will be recognized that tests made by different laboratories on the 
same sand might show differences due to: (1) accidental conditions 
sometimes difficult to explain, (2) testing apparatus improperly cali- 
brated or set up, (3) careless technique, or (4) method of carrying 
out some stage of the testing process. The last three are capable of 
correction. 


* Technical Director, A.F.A. Foundry Sand Research Committee. 
a 
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The results of analyses of identical samples (Table 1) do not appear 
to differ widely, except for those of one laboratory whose No. 70 sieve 
was, as pointed out by Mr. Walker, so evidently “off” that one cannot 
help noticing it. 


I notice that in referring to the results in Table 1, Mr. Walker 
calls attention to the differences expressed as percentages as well as 
absolute numbers. 


Thus, he states that for sample 7 the percentage difference of the 
amount held on No. 20 sieve was 128 per cent. This may be entirely 
correct mathematically expressed, but does it not make matters look 
worse than they are? Such large percentage differences usually are 
found on those sieves which contain a relatively small weight of grain, 
usually too small to have much effect on the behavior of the sand in 
the mold. 


He states, still referring to Table 1, that the finer sands did not 
show as good uniformity as coarser ones. I wonder if this may not be 
due to blinding of the sieves, which of course cannot be completely 
avoided, but which can be greatly reduced by their proper care. 


I cannot agree altogether with Mr. Walker that the tests of identi- 
cal samples are of somewhat academic interest, because I think they 
are of great practical importance. 


It would have been most interesting if some of the laboratories 
which tested the second series had saved their samples and exchanged 
them with others because it might have brought out differences due to 
sampling or other causes, 


Turning now to the carefully selected samples of the same sand 
tested by different laboratories, Mr. Walker calls attention to the wide 
range of results obtained. He rightly says that the differences shown 
are “disturbingly large,” and that the “ranges are far too great to 
make feasible the application of rigid specifications.” 


I do not wish to be understood as arguing for too rigid specifica- 
tions, but I do feel that care in technique should not be overlooked, and 
should be emphasized as much as tolerances. 


If we refer to Fig. 3, we notice that of 29 sands plotted for the 
30-40 sieves, 17 or nearly two thirds ranged between 45 and 50 per cent. 
Were those of the other third way off because, (1) We just cannot get 
concordant results, (2) the samples varied, or (3) was there something 
wrong with the sieves? 


In the 50-70 product shown on the same figure, 16 fell between 40 
and 42.50, about 20 between 39 and 43. The same questions may be 
raised as above. 


I venture to suggest that some difference might be due to method 
of taking sample in the laboratory, for I notice on looking over some 
of the tables containing details of all the tests, that there was greater 
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variation shown by those sands which were sampled with a spatula than 
those sampled with a splitter. Here are some results picked out at 
random: 


Method of Sampling 


Spatula Sampler 


4.50 4.37 
4.00 1.33 
4.80 3.40 
3.20 1.69 
40 7.70 2.70 
50 11.00 6.30 
70 4.10 2.71 


This is rather interesting for it indicates that the method of re- 
ducing the sample to a size suitable for-sieving seems to have an effect. 


In contrast to the above of course, we have Mr. Walker’s statement 
under “By-Product Results” to the effect that samples taken in different 
ways by two laboratories showed less range between high and low re- 
sults than for 17 portions tested in one laboratory. 


Referring again to Fig. 3, and comparing the extremes there given 
with those obtained on 17 samples tested in one laboratory, we get the 
following: 

One lab. 

Sample Sieve 17 samples 
1226 On 40 46.6-50.3 31.4-54.5 
1223 On 70 37.6-43.2 29.5-44.8 

The same appears to be true if we make a similar comparison for 
5 different sieves: 
1223 
One lab. 
17 samples 


All others 


One lab. 


All others 17 samples All others 


Sieve 
40 
50 
70 

100 
140 


5.6- 7.6 
23.2-27.4 
37.6-43.2 
19.4-27.0 


99_ 5 


One lab. 
17 samples 
15.0-17.0 
= 8- y : 


6.1- 8.0 
21.4-32.4 
29.5-4 
15.4-3 
2.1- 


4.8 
1.8 
5.8 


All others 
§.6-21.4 

47.2-60.3 

12.1-22.8 
6.7-16.2 


0.2- 3.4 


17 samples 


0.2- 1.8 
17.8-33.5 
36.0-44.7 
5 Z 33.8 

- 9.0 


ee 


0.8- 1.4 
21.0-26.0 


One lab. 
All others 
29.1-55.2 
31.4-54.5 
3.6- 6.9 
0.4- 3.2 
0.1- 0.9 


46.6-50.3 
37.0-43.0 
3.6- 5.4 
0.8- 2.2 
0.0- 0.4 


Perhaps by going over all the steps in connection with sieving, we 


may find more causes of our troubles. 


One thing that surprised me 


was that another laboratory which used samples of about 160 grams 
checked rather closely with the results I obtained using about 50 grams. 


I quote one example, and have selected the sand on which we differ 


most (No. 


1225): 
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Tyler 166.1 gms. U.S.B.S. 57.40 gms, 
20 ate 20 
28 0.12 30 tr. 
35 17.64 40 19.60 
48 51.17 50 51.56 
65 21.07 70 18.99 
100 7.41 100 7.28 
150 2.11 140 2.00 
200 0.48 200 
270 eae 270 
Pan ahs Pan te. 
I do not feel sure, so far as I have studied the figures, that much 


difference can be traced to certified and uncertified sieves. We know of 
course that screen cloth is much better now than it was some years ago. 


Considering the tests made on the naturally-bonded sands, I think 
it should be pointed out that there is not much value in comparing data 
unless the comparisons are based on the same moisture content. Of 
course, we can arrange the tests in the order of their moisture content 
and see whether we get a smooth curve. Application of this test to 
some of the figures given for strength and permeability does not 
show this. 


If we look in Table 7 at the permeability obtained for 6 per cent 
moisture, we notice for the same sand high and low figures such as 320, 
129; 238, 39; 395, 180; and 57, 30.4. These differences are certainly not 
due to causes inherent in the test and they can only be due to faulty 
or even careless technique, assuming that the clay samples distributed 
were uniform. The same criticism might apply to the compression 


strengths. 


It does not take superintelligence to make the tests on bonded sands, 
but unless the instructions for testing are followed properly, the results 
may be way off; and a lot of the trouble starts with improper setting 
of the rammer. I do not think we can draw any conclusions regarding 
allowable tolerances from these tests on the naturally bonded sands. 


G. H. Orto’, (Written Discussion): The quality and quantity of 
information in this report is such that further examination is warranted, 
especially in view of the advances which have been made in the past 
decade in the interpretation of mechanical analyses. Part of such an 
examination is given here, together with suggestions on sieving tech- 
nique and on the problem of writing practical mechanical analysis speci- 
fications of sands. The present discussion is limited to those sands for 
which sieving gives an essentially complete picture of the mechanical 
composition, unless specifically stated otherwise. 


? Department of Geology, University of Chicago, Chicago, IIl. 
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Fic, 14—S1eve ANALYsis oF SAND 1223. 


Figure 14 shows the first analysis* of sample 1223. One can think 
of such a chart as consisting of a series of bins of equal cross-sectional 
area in which the heights of sand are proportional to the weight per- 
centages present. It is logical to think of the center of gravity of the 
distribution of weights and also of their radius of gyration. With suit- 
able units of measurement, the first of these values gives the average 
diameter of the sand grains, and the second gives a measure of sorting 
known as the standard deviation. 


The usual sieve interval is a constant ratio and not a constant 
difference like that used in engineering and statistical formulas for 
computing the center of gravity and radius of gyration. To evade this 
difficulty, Krumbein}, { suggested using logarithms of the diameters 


Most of the writer’s analytical data mentioned in this discussion were obtained 
in the laboratory of the Soil Conservation Service, Pasadena, California. 
7 Krumbein, W. C., “Applications of Logarithmic Moments to Size Frequency 
Distributions of Sediments,” JouRNAL oF SEDIMENTARY PETROLOGY, Vol. 6, pp. 35-47, 1936. 
t Krumbein, W. C. and Pettijohn, F. J.. Manuat or SEpIMENTARY PETROGRAPHY, 
Appleton Century Co., pp. 84-90 and pp. 249-254, 1938. 
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of the sieve openings instead of the actual values expressed in inches 
or millimeters, since the difference between logarithms of successive 
diameters is constant whenever the diameters of successive sieve open- 
ings bear a constant ratio to one another. The answers obtained in 
terms of these logarithms will either have to be changed back into 
inches or millimeters, or we must become accustomed to thinking in 
terms of the new logarithmic grade scale. For many purposes it js 
easier to compare and use the logarithmic values, as will be shown later. 


It does not matter what base one chooses for the logarithms, but 
it is easier to visualize the results if one chooses the base 2, since most 
of us can readily think of particles twice as coarse as others. It als 
simplifies most practical work to use the negative of the logarithms, 
thus eliminating the minus signs for all particles smaller than ons 
millimeter (1/25-in.) when logarithms of the diameters in millimeters 
are taken. On such a scale a particle of 1 mm. diameter has a value of 
0, a particle of % mm. has a value of 1, while a particle of 1/16 mm. 
has a value of 4. 


Table 11 shows the complete calculations for finding the center of 
gravity (average size) and the radius of gyration (sorting) of the 
data in Fig. 14. The actual routine computing does not involve loga- 
rithms or millimeters and the writer has had successful computers whi 
did not know the theory. 


Table 11 


METHOD OF CALCULATION OF M; AND S;, [ILLUSTRATED WITH THI 
ANALYsIs Usep IN Fic. 14 


Sieve Di Logarithn ir Weight No. of 4) 2 (5) Ch) x ( 
mesh f mesh dia, percentage sieves 
oneninas logs D retained coarser 
mn on steve or fine? 
Dain: D; p d pd pd 
14 Bh —0).25 0.00 a | 
20 0.833 +-0.25 0.01 —4 — 0.04 0.16 
28 0.589 0.75 0.83 —3 — 2.49 7.47 
35 0.417 1.25 6.9 —-2 —13.8 27.6 
48 0.295 1.75 25.0 —l —25.0 25.0 
65 0.208 2.2! 39.8 0 
100 0.147 2.75 22.8 +1 +22.8 22.8 
150 0.104 3.25 4.4 2 8.8 17.6 
200 0.074 3.75 0.28 3 0.84 2.52 
Pan (4.25) 0.06 4 0.24 0.96 
100.08 —41.33 104.11 
32.68 
— 8.65 
m, =— 0.086 m, = 1.040 
M: — M’+ im, — 2.00 + %(—0.086) — 1.96 


1 


Ss: — i\/ m, m?, == %\/ 1 040 — (0.086)2 — 0.508 
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Table 12 
VALUES OF M’ For SIEVES 


Dia. 
of mesh 
SlEVE oO pe ning 
mesh in in. 
10 0.065 
14 0.046 
20 0.0328 
28 0.0232 
35 0.0164 
48 0.0116 
65 0.0082 
100 0.0058 
150 0.0041 
200 0.0029 


Ww Oo ile te 


» 

Use the M’ value for the sieve containing the largest weight or percentage, unless 
some other sieve was taken as the zero class rhis table is valid only when the 
sieves are used in the order shown 

Column 1 (Table 11) gives the sieve mesh designation of the sieves 
n the order they would be arranged in a shaking machine. Column 2 
gives the corresponding diameters of the mesh openings in millimeters. 
Column 3 gives the logarithms of these diameters to the base 2 with 
the algebraic sign changed. Column 4 gives the weight percentages of 
the particles retained on the sieves specified in columns 1 and 2. Column 
5 shows the number of sieves coarser or finer than the sieve with the 
largest percentage. Note the arbitrary convention that sieves coarser 
are denoted by minus signs, while sieves finer are considered positive. 
Column 6 gives the product of each percentage in column 4 multiplied 
by the corresponding sieve position in column 5. Column 7 gives the 
products of the percentages and the squares of the corresponding sieve 
positions. In practice, the values of column 6 are simply multiplied by 
the corresponding ones in column 5. The sums of the values in columns 
6 and 7 are then obtained and divided by the sum of the percentages 
in column 4, giving the values m, and m,. These values are the first 
and second moments, respectively, about the assumed center of gravity. 


The actual center of gravity or arithmetic mean, expressed in terms 
of the logarithmic diameter scale, is found by the following formula: 
M M‘ + im, where M, is the center of gravity in terms of the 
logarithmic scale and is identical with Krumbein’s phi arithmetic mean 
diameter, M@. M’ is the value for the assumed mean and is here half 
way between the logarithmic diameter of the sieve retaining the largest 
weight of sand and that of the next sieve above; thus, M’ le (2.25 
+ 1.75) 2.00. The symbol, i, stands for the interval between sieves 
given by the difference between successive values in column 5; it is 
always \% for this sieve series. Hence, M: 2.00 + (-0.086)/2 = 1.96. 


We shall call the corresponding value for the radius of gyration 
Si to show that it is a logarithmic sorting. It is given by: 


S=iy m,-m2, = % VV 1.040- (0.086) 2 0.508. S: is identical with 
rumbein’s phi standard deviation, co. 
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Since the sieve series used here is the one generally used by engi- 
neers in this country, we may omit any 2 of the first 3 columns from 
the routine work sheet. Large consecutive numbers may be painted 
on the outside of the sieve frames. The corresponding values for M‘ may 
then be painted alongside the sieve numbers or may be recorded on a 
4x6-in. note card arranged similarly to Table 12. This table is valid 
only when these sieves are used in the order shown. 


Furthermore, the weights recorded in the laboratory may be entered 
directly in column 4 instead of the percentages. The sums of the values 


in columns 6 and 7 are then divided by the sum of the weights in 
column 4 instead of by the sum of the percentages. Table 13 shows such 
an abbreviated data and calculation sheet for use with a slide rule. 
The percentages need not be calculated at all. 


The values Mi and Si measure the average size and the sorting 
with respect to this average size; they always contain much of the 
total information in the sieve analysis. Thus, for sample 1223, the 
percentages in the various grades can be reproduced except for minor 
details simply by integrating the Gaussian curve with these values as 
constants. Here, the two constants contain nearly all the information 
in the analysis. For the other three sands, and in general, at least two 
more constants are needed to summarize the information so completely. 


Table 13 


RovutinE Data SHEET AND CALCULATIONS FOR My; AND S; USING 
THE WEIGHTS RETAINED ON SIEVES INSTEAD OF PERCENTAGES 


Weight Sieve 
Sieve retained interval 
mesh on sieve deviation 
Ww d wd wd 
20 0.00 oaale 
28 0.34 —3 - 1.02 3.06 
35 2.83 —2 —- 5.66 11.32 
48 10.24 —1 -10.24 10.24 
65 16.30 0 
100 9.33 ] 9.33 9.33 
150 1.82 2 3.64 7.28 
200 0.12 3 0.36 1.08 
Pan 0.03 4 0.12 0.48 
41.01 ~16.92 42.79 
13.45 
Original weight 40.98 3.47 
By GHO m, = —0.085 m, = 1.043 
Date 2-24-40 im, ——0.04 —m?, = 0.007 
Humidity: dry M’ — 2.00 1.036 
V 1.036 
Sample No. 1223-16-a M.=—= 1.96 1.018 


Si = 0.509 
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However, with natural sands and most screened separates consisting 
of quartz and feldspars (or any single mineral constituent), Mx: and 
S: will contain much of the information which can now be put to 
engineering use. 


Since both Mx and Sz employ every sieve grade for their computa- 
tion, none of the analysis is disregarded such as happens with positional 
measures like the median and quartile deviation. This is important 
where mechanical strength and permeability are involved, since two 
sands differing only in the finest 10-20 per cent may have markedly 
different physical properties. The methods of calculation just given 
can be extended to include the entire sub-sieve range of particle sizes 
if desired, although when a clay binder is mixed with a sand, it may 
be preferable to treat the sand by the methods given here and the clay 
by the empirical methods of ceramic studies and soil mechanics. 
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The antilog of M: is the geometric mean diameter in millimeters 
The seale in Fig. 14 shows the relation between the diameter in mil! 
meters and the corresponding logarithmic diameter to the base 2. Ther 
fore, it may be used to transform the values of Mx into the geometri 
mean diameter in millimeters. The sorting value, Sz, can be changed 
to the dimensionless standard geometric deviation without difficult 
but it is much easier to visualize the results just as found. 


The A.F.A. fineness number is a measure of average size which js 
closely related to M. for sands. Figure 15 shows the two measures pl: 
ted against each other for many analyses used in Mr. Walker’s rey: 


The logarithmic moment values sort out the information in the 
sieve analysis into distinct ideas: thus, Mx tells us what the centra 
tendency of the sand diameters is. Sz. is a measure of scatter or sorting 
with respect to this central tendency; the larger its numerical value, 
the more poorly sorted the particles are. For any analysis plotted as ir 
Fig. 14, Si is represented by a horizontal line laid off on either side 
the line representing the center of gravity; the length of this line is 


laid off on the seale given in the figure. The values, M: and Sx, measure 


distinctly different ideas with a clarity and straightforwardness not 


inherent in graphical methods; no single value can adequately includ 


both concepts 


Another “constant” can be computed from the third moment whic} 
sorts out the true asymmetry of the distribution; this often differs 
from that estimated by inspection. Still another based on the fourth 
moment permits comparison of the peakedness of the distribution with 
the logarithmic form of the Gaussian curve. Largely because these are 
tedious to compute without a modern calculating machine, they hav 
not thus far been put to much engineering use. 


Another reason for reducing sieve analyses to these two logarithmic 
values is that comparisons between analyses may be made without men 
tal adjustments for differences in particle sizes. Thus a value of 0.50 
for Si for both a gravel and a sand tells us they are equally well sorted 
If these measurements were expressed in millimeters, we would have to 
consider the ratio of each sorting to its average size to make valid 
comparisons. Here, we also can state that in each case about % of the 
total weight of material will be within the limits, M: + 0.50. It is only 
necessary that the analysis be unimodal, i.e., that it have just one maxi- 
mum grade. A bimodal analysis has two “maximum” grades separated 
by grades with smaller percentages. Analyses 21-A and 21-B of table B 
of the mimeographed results (available on request) are bimodal. 


In comparing average sizes of four sands whose My, values art 
0, 0.5, 3.0, 3.5, we can see at once that the first two and the last two 
analyses show the same relative difference in average size. The corre- 
sponding geometric mean sizes in millimeters are 1.00, 0.70, 0.125, and 
0.088. Relative comparisons are more easily made with logarithmic 
values because they involve only mental subtractions, while with inches 
or millimeters, mental division is necessary. It is clear that we are con- 


cerned with relative comparisons and not absolute differences, for if 
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were to subtract the difference in millimeters between the first two 
sizes from the 0.125 mm. size, we would get a negative answer which 


[The writer and Melvin Levet studied the effects of sieving time 

nd sample weight on sieve analyses of fine to very coarse, and rounded 
to angular quartz sands; these results are now being prepared for pub- 
lication. It was found that the effects could be expressed very simply 
terms of adjustments to the observed values of Mi and Sz. Thus 
doubling either the sieving time or the sample weight within common 
sense limits causes approximately an increase of 0.01 to 0.02 in the 
value of Mx and almost no change in S. unless the laboratory air is 
very dry. The sample weight effects are often overshadowed completely 
the much larger laboratory errors, or by failure to maintain suffi- 
cient humidity in the laboratory. Consequently, a special experimental 
design had to be used to permit separate evaluation of these effects. 
in the light of these findings, Fig. 12 of Mr. Walker’s paper should not 
be considered typical of the results to be expected. The data are from 
the writer’s laboratory and were obtained before the importance of 
humidity control was known. High humidity favors reproducible results 
since it permits dissipation of the electrostatic charges which are 
formed on the grains during drying of the sample and during laboratory 
sample splitting and sieving as a result of the friction between grains. 


On the basis of our findings, we shall recommend for sands such 
as 1223 to 1226, samples of 70 to 140 grams, a sieving time of 2% min. 
when a Ro-Tap sieve shaker is used. Although the 70 gram sample is 
better suited to a medium sand and the 140 gram sample to a coarse 
sand, no attempt should be made to adjust the sample weight closer, 
because the sampling error thus introduced will generally be larger 
than the size error being corrected. The short sieving time makes 
sieve cleaning easy and more nearly complete than would be practicable 
with a 15 or 20 min. sieving time. The very fact that the sieves are 
always less clogged at the start of each sieving wil! itself make the 
given time more effective. Short sieving times also save the equipment. 
The rather large sample weights recommended, reduce the laboratory 
sampling error appreciably; weights half as large may be used with 
the best of sample splitting equipment. 


Unless the air within the laboratory is very damp, the dried sample 
should be spread thinly on an unpainted metal tray which is then placed 
in a gentle current of very damp air for 3-10 min. before sample split- 
ting and again just before sieving. These precautions are important 
with rounded sands consisting wholly of non-conducting minerals, but 
may be unnecessary when some iron scale is present. Mr. Levet once 
analyzed a coarse, rounded quartz sand on a very dry day using a 
20 min. sieving time immediately after a 5 min. sieving of the same 
sample. The 20 min. sieving time showed a much coarser analysis! 

The M, values for a short sieving time can be converted to those 


for longer sieving times by adding 0.01 to the value obtained for each 
two-fold increase in sieving time. For highly sorted sands, the factor 
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should be increased to 0.02. In very dry air the difference between 19 
and 20 min. sieving time rarely exceeds 0.01. The value for Sx needs no 
correction 


With such a short sieving time, any lumps or aggregates of grains 
must be broken down by crushing them between the fingers before 
sieving. When the sand contains seaweed or hollow stem fragments, a 
longer sieving time is needed to shake out the sand trapped by the 
organic debris 


The writer maintains that the unconventional procedure recom- 
mended here will not only improve the analyses, but will actually cut 
costs. The time needed to compute Mx is less than needed for the A.F.A 
fineness number. The time needed for computing Sx is more than gained 
by not having to compute percentages and by the saving in sieve clean- 
ing time. This will be especially noticeable in laboratories using 15 and 
20 min. sieving times. 


3efore we can write dependable sieve analysis purchase spccifica- 
tions for sands, we shall have to know not only the errors which may 
reasonably be expected in the results of different laboratories, but also 
the errors of sampling freight cars, trucks, storage’ piles, silos, and 
bins. Each of these errors, like the laboratory errors, can be separately 
evaluated by common statistical procedures. If the experiments used to 
evaluate these errors are properly designed, they will at the same time 
suggest methods of error reduction. 


The variability in the analyses of Tables A to D of the mimeo- 
graphed report is caused by three classes of errors: (1) differences in 
technique and in the condition of the sieves used in the various labora- 
tories; (2) differences in composition of the sand samples furnished the 
cooperating labs; (3) random errors te which the laboratory operations 
of any laboratory are subject. The size of the random errors varies 
somewhat between laboratories, but an estimate obtained in a lab using 
just ordinary care would be generally valid. 

The variability of analyses in Table E is caused only by errors 
(2) and (3). We may reasonably assume that the random errors are 
the same here as the average of the cooperating labs. Mr. Walker states 
on page 790 that the variability within these sets of 17 samples is com- 
parable with that of the sand furnished the cooperating laboratories. 
Therefore, if we subtract the variability of the analyses in Table E 
from that of the analyses of the cooperating laboratories, we shall have 
a measure of the variability between /abovatories. This value will not 
include those random errors which are common to all laboratories. 
If the individual analyses had been given for all those labs making more 
than one analysis per sample, then the average random error could 
have been estimated. 


The variability in the samples furnished the cooperating laboratories 
is much smaller than would normally be encountered in sampling stock 
viles. It probably represents a lower limit of “field” sampling errors, 
— one attained only where large scale sampling machinery is available 
such as used in smelting plants. 
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[he procedure for evaluating the error arising from ditferences 
between laboratories is given without explanation of the statistical 
theory involved. The interested reader will find an excellent presenta- 

n in the textbook of Croxton and Cowden*. 


First, all Mi and S: values are computed for analyses in tables 
A to E. Laboratory 11 in Tables A to D was omitted because the irregu- 
lar class interval and lack of information in the central part of the 
distribution made computations difficult and unreliable. Laboratory 12 
in tables A to D was omitted because the analyses given are simply 
the averages of those in Table E, and therefore, are not strictly com- 


sums of the percentages were always used to find m, and m, instead of 
assuming 100 per cent because many laboratories compute their per- 
centages from the sample weight obtained before sieving rather than 
from the sum of the weights of the material recovered from the sieves 
and pan. For analyses 1, 14 and 21, for which more than one analysis 


Croxton, F. E. and Cowden, D. J \prpLiep GENERAL Statistics, Pr tice-Hall 


1939 


Table 14 
VALUES OF M; AND S; FOR ANALYSES OF TABLE A OF THE 
MIMEOGRAPHED RESULTS 


Lab. No. of 

no. analyses Mz 

1B 939 0.502 

2 946 0.478 
.936 0.485 
O77 0.504 
.950 0.504 
.959 0.493 
.996 0.489 
.946 0.480 
.954 0.471 
947 0.483 
942 0.498 
947 0.492 
978 0.488 
944 0.506 
.008 0.493 
937 0.478 
948 0.490 
888 0.481 
.060 0.513 
R84 0.466 
.898 0.474 
958 0.486 
965 0.500 
1.998 0.475 
1.936 0.485 
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Average 1.9536 0.4886 
Mean variance 0.00138 0.000144 
Standard deviation 0.037 0.012 
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Table 15 


AVERAGE VALUES OF M,;, AND Sy; FOR ANALYSES IN TABLES A To FE 


Average of Average of 

Sand 25 cooperat- 17 analyses . 
no Veasurement ing labs. of lab. 12 Diff erence 
—_ M: 1.954 1.951 +0.003 
122. Sr 0.489 0.497 0.008 
1294 Mi 2.082 2.102 -0.020 
— S: 0.480 0.488 —).008 
1995 Mi 1.638 1.655 ~0.017 
»” ‘ . lod € 
i Si 0.476 0.479 —0.003 
1296 M: 1.246 1.231 +0.015 
a Si 0.411 0.376 0.035 


is given, the last one in each case was arbitrarily chosen since neither 
the data given by Mr. Walker nor that obtained from examination of 
the analyses themselves gave objective criteria for a choice. 


Table 14 gives the values of Mi and Sx obtained from Table A and 
also the average values and the corresponding mean variances and 
standard deviations. The last two quantities are measures of the vari 
ability, and are obtained by the relation: o* >X*—X>X where 

~N—1 

o” is the mean variance (the square of the ordinary standard deviation), 
>X* is the sum of the squares of the N values in the column, X is their 
average, and =X is their sum. This is a short-cut formula developed 
for computing machines and should not be used with a slide rule. To 
avoid cumulative computational errors, it was thought best to carry 
one more decimal place in the values of M: and S: than is used in 
routine work. 


Table 15 gives the average values of M: and S: for analyses in tables 
A to E. Note the lack of constancy in algebraic sign of the differences 
between cooperating labs and corresponding sets of 17 analyses. This 
is somewhat surprising in view of the fact that each laboratory presum- 
ably used the same analytical methods and the same sieves for all four 
samples. The fact that the means are based on only 25 and 17 values, 
respectively, is the probable cause: whenever such a small number 
of observations of a variable with a considerable range of values are 
averaged, somewhat erratic results are to be expected. 


This limitation of the small number of samples can be partially 
overcome, since we can average the variances for the four separate 
sands. Each constitutes a fairly independent set of observations, and 
the errors affecting Mx and Sx are independent of the sand composition 
for the small range involved here. 


Because many analyses in Tables A to D are averages of 2 to 4 
individual analyses, two errors enter our calculations: first, the values 
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s, obtained from average analyses are usually larger than the aver- 
ige of the values of the individual analyses. Mz is not affected. Second, 
and more important here, the averaging process eliminates part of the 
random errors within that laboratory. The random-error reduction is 
proportional to the square root of the number of analyses included in 
the average; but no matter how many analyses are averaged from a 
single laboratory, there will be no reduction in errors caused by faulty 
sieves, abnormal technique, or by a faulty sample being furnished that 
aboratory. Since we do not know what part of the total variability is 
ascribable to the random errors, we shall have to use the variances a: 
‘ound, keeping in mind that our final estimate of the errors between 
aboratories is somewhat too low. 


Table 16 gives the total variances for labs A to D in column 3 and 
corresponding values for the 17 analyses made in laboratory 12 
column 4. Column 5 gives the differences, the average of which is a 
somewhat low estimate of the average variability between laboratories. 
[he random errors common to them all and the variability in the sand 
furnished them have been removed. The fluctuations which the individual 
differences show are probably explained the same as the lack of con- 
tancy in the differences between the average values of M,. Apparently, 
the samples of sands 1225 and 1226 were more variable with respect to 
rting than were the samples of sands 1223 and 1224. The square roots 
the two average differences are 0.026 for M: and 0.0095 for Si; 
these values are the corresponding standard deviations and have the 
same dimensions as Mi and S: and may therefore be represented on 
Fig. 14 as short horizontal distances. These two numerical values are 
applicable to any medium to coarse sand, and with some restrictions, 
ven to fine sands. It can be seen that the average size is nearly three 
times more sensitive to technique and sieve conditions than is the sort- 


Table 16 
VARIABILITY AS SHOWN BY MEAN VARIANCES OF M,; AND S,;, FOR 
ANALYSES OF TABLES A TO E 
3 4 
Observed Observed 
variance variance 
i in 25 co- in 17 an- 5 
Sand 2 operating alyses of Difference 
no. Measurement labs. lab. 12 (3)-(4) 
1223 M; 0.00138 0.00075 9.00063 
1224 Mz 0.00132 0.00051 0.00081 
1225 Mz 0.00112 0.00055 0.00057 
1226 Mu 0.00092 0.00018 0.00074 
Average 0.00069 


St 0.000144 0.000091 0.000053 
Si 0.000226 0.000091 0.000135 
St 0.000320 0.000236 0.000084 
Si 0.000325 6.000232 0.000093 


Average 0.000091 
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ing. This conclusion agrees with the findings of the writer and Melvin 
Levet, obtained by an entirely different method. 


We cannot yet write sieve analysis specifications which are fair 
to both buyer and seller for we do not know the value of the random 
errors within laboratories and the value of the sampling error for stock 
piles, railroad cars, silos, ete. With such information, tolerance limits 
are contructed as follows: Let the total variability for M: be V,: 
it is the sum of three mean variances: (1) the error, Vi», between 
laboratories, which we have just obtained; (2) the random errors, 
V., Within laboratories; and the error, V,, of taking the samples brought 
to the laboratories. The square root of V: gives the overall standard 
deviation. If we follow common engineering practice of setting up 
tolerance limits of three times the standard deviation, then the tolerance 
limits for M: will be: 3 0.00069 + V. + V.. A similar expression 
gives the limits for Sx. 


In the absence of actual values of V, and V,, an intelligent guess 
may be interesting, even if not reliable. From the writer’s experience, 
the standard deviation due to random errors within labs does not exceed 
0.015. On the basis of experiments in the sampling of beach sands, it 
seems that sampling errors should not have a standard deviation larger 
than 0.06 under favorable conditions. The squares of these values give 
estimates of V, and V,, and a value of 0.07 for the overall standard 
deviation affecting M,. Tolerance limits would then be + 0.21. Conse- 
quently, if the buyer found his analyses differing from specifications 
by more than 0.21 for Mz, then it is almost certain that the sand is 
different from that specified. Tolerance limits for the sorting are 
perhaps a third as large, and in general, should be watched more closely 
than those for Mr. For sands which give unimodal sieve analyses, these 
two constants are usually a sufficient specification of the size composi- 
tion, but not when the natural sand has been modified by screening out 
a large part of either the coarse or the fine sizes. In such cases, and 
whenever close control of the porosity and permeability are essential, 
the logarithmic skewness should also be specified. It is obtained by 
multiplying the values in column 7 of Table 11 by those in column 5; 
the algebraic sum is divided by the sum of the values in column 4, giv- 
ing mg. The value of Ki is given by: Ki = M,/M.\/ M., where 
M, = mz — 3m,m, + 2m%, and where Mz = m, — m*,; the latter 
has already been found. With a good computing machine, the skewness 
computation requires 5 to 10 additional minutes; with a slide rule, 10 
to 15 minutes may be required. The skewness values for sands studied 
here are as follows: 


Sand: 1223 1224 1225 1226 
Ku: —0.06 0.46 0.93 0.88 


The writer’s experience with beach sands indicates that tolerance 
limits are + 0.15 for values close to zero, + 0.3 for values around 1, 
and + 0.5 for values around 2. 


Whenever it is desired to relate the physical properties of sands 
to their mechanical composition, these logarithmic moment values should 
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be used, because they represent properties which are basic to frequency 
distributions. They are wholly independent of the sieves used as is 
illustrated by the following two analyses made on the same sample: 


Sieve series Sizes in mm. M, Si Kui 
Engineer’s series: 0.074, 0.104, 0.147, ete. 1.013 1.042 —0.05 
Geologist’s series: 0.061, 0.088, 0.124, ete. 1.018 1.051 —0.03 


C. P. ALBus*: The data which has been given to us by Mr. Walker, 
shows that we should periodically check the screens that are being em- 
ployed in determining the fineness of sand samples. The A.F.A. manual 
mentions that the sieve numbers used are those of the Bureau of Stand- 
ards. However, the manual makes no mention of the permissible varia- 
tions in the openings of the various sieves. I should like to know 
whether the A.F.A. has any allowable variation or whether we are to 
follow those given by the Bureau of Standards. 


Dr. Ries: The A.F.A. has not set up any allowable variation. The 
Bureau of Standards sets up a tolerance in the openings of these sieves. 


Mr. ALBus: I would like to suggest that a statement to that ef- 
fect be placed in the manual, for those checking their screens period- 
ically. When looking in the A.F.A. manual for an allowable tolerance 
in the openings of each sieve, we made an extensive search before we 
employed the standards set up by the National Bureau of Standards. 


Dr. RiES: Do you use certified sieves? 


Mr. ALBUS: We use sieves which meet the requirements of the 
National Bureau of Standards. 


Dr. Ries: I am not sure that we can blame the variations on that. 
Sieve cloth, of course, is being made very much better now. I recently 
had occasion to purchase six sieves. I sent them to the Bureau for ex- 
amination and five of them passed. The sixth one was so little off that 
I did not send it back. 


E. SAWYER*: We have certified sieves but they are only used for 
checking purposes and are not used very long. We would not use a sieve 
over two or three dozen times at the most. Our routine sieves are 
checked against the certified sieves and if the former get too far off, 
they are just discarded. 


If the results do not have to be too accurate, you can use a factor. 
If you get 97 per cent through and you should have 100 per cent, you 
have a 3 per cent correction factor on that sieve. Normally, we just 
discard the sieve if it does not check. 


Dr. Ries: Can Mr. Sawyer tell us how long a sieve lasts? 


Mr. SAWYER: Someone told me that the coarse sieves wore out 
more quickly than the others and yet most of our coarse mesh sieves 


‘Chemist, Mercules Powder Co., Wilmington, Del. 
* Ayers Mineral Co., Zanesville, Ohio. 
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have been in use for four years testing molding sand. We may get six 
months’ service out of our fine mesh sieves used for molding sand. [yp 
silica sand, where they are used continuously, we may get a _ week’s 
service out of the fine sieves. We use about one 200-mesh sieve a week 
in which it is used probably 10 min. out of every 30 min. I could not 
give you the life in sieve hours, but I do know that it varies greatly. 
I have thrown sieves away that had been used just a few days. On the 
other hand, I have had a fine sieve in use for three months on silica 
Careful inspection with a magnifying glass and careful checking against 
the United States Standard Certified sieve will tell you whether that 
sieve is approximately right. We never set up any definite standards 


of tolerance. 


F. L. WEAVER®: From personal experience, I believe that varia- 
tions such as shown in Mr. Walker’s paper, would prevail even when 
the screens are within the tolerance allowed by the Bureau of Standards 


In those cases of extreme variation the screen openings were n 
doubt outside the limits of Bureau certification and the majority of 
screens by far, are not certified. It is impossible to do accurate testing 
with inaccurate tools and we take too much for granted in regard to 
the accuracy of screen openings. 


Mr. WALKER: Mr. Weaver has said something that is quite perti- 
nent. We collected a great deal more information than is included in 
the paper and among the data which we endeavored to correlate were 
those having to do with condition of testing equipment. These data were 
too voluminous and showed too little of significant import to justify 
their inclusion in the paper. For example, in the case of one group of 
tests, the sieves were described as having been in service for seven years 
and as being in “fair” condition; the results were substantiaily the 
same as the average of all results, and I believe that we may assume 
that the average represents, pretty closely, the actual grading of the 
sample. In another case, for which the results were badly out of line, 
it was reported that a new set of sieves had been used. 


A point which I wish to stress is that there is no assurance that 
two sets of certified sieves are any more nearly alike than two sets of 
uncertified ones. Certification involves only inspection of the sieves and 
a statement to the effect that the diameter of the wire and the size of 
clear opening is within the tolerances permitted by the specifications. 
No test of performance is made. I believe that it is fair to state that 
no higher proportion of sieves, made by a reputable manufacturer, fall 
outside permissible tolerances than do castings made in the average 
good foundry. 

R. E. MANLEY®: So far we have emphasized the variation in siev- 
ing, but have not said much about the variations in clay analysis. The 
variation in clay analysis is fully as important as the variation in sieve 
analysis, especially to the foundryman who is buying a bonded sand 
and is quite interested in the percentage of clay present in this material. 


Great Lakes Foundry Sand Co., Detroit, Mich. 
Manley Sand Co., Rockton, Ill. 
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Even with the most careful technique, there is liable to be a varia- 
tion in the analysis reported, and with a bit of improper or careless 
work on the part of the operator running this test, it is not only highly 
nossible, but almost certain that the results reported will be wild and 


misleading 


The foundryman should keep well in mind the delicacy and possible 
error of this test in his appraisal of this part of the test analysis. 


Dr. Ries: I have been through some bitter experiences on clay 
analysis. I presume a great many foundrymen use tap water, and it may 
vary from place to place and cause a considerable difference in the 
amount of A.F.A. clay obtained in the result. The temperature also 
has an effect on the result. Some years ago, C. Mathiesen sent me a 
clay sample which had around 30 per cent clay and asked me to run it. 
[ did and he and I could not agree within several per cent. We had 
exactly the same apparatus, we carried out the test in exactly the same 
manner, and we both used distilled water. Finally, he sent me 15 
gallons of his distilled water. I then ran a sample and I checked with 
him exactly. It developed that his distilled water was acid and mine 
was neutral. A little thing like that, which you may not think of, can 
be responsible for a significant error. 











Apprentice Training in the Defense Program 


By WiuuiAM F. PAtrEerRson*, WASHINGTON, D.C. 


1. To those of us who are charged by the government with 
seeing that everything is done to increase the tempo of defense pro- 
duction, it has been most gratifying that the foundry industry, as 
typified by the American Foundrymen’s Association, has long 
placed heavy emphasis on the training of apprentices and other 
types of skilled and semi-skilled workers. 


2. The government is passing up no bets in its efforts to help 


industries manufacturing defense material reach capacity produe- 
tion as quickly as possible. William S. Knudsen, Sidney Hillman 
and scores of other figures prominent for years in the world of 
manufacturing, commerce and labor, are doing all they ean to 
assist the President coordinate and systematize on a nation-wide 
basis production methods and activities. 


3. The production situation has been critical for months 
Despite all-out efforts, it will continue to be critical for many 
months to come. Even when we reach top production, we will not 


be able to lay back on our oars. 


4. The cry that has gone throughout the land, and is echoing 
and reechoing through all the 48 states and our insular possessions, 
is ‘‘Full Speed Ahead.’’ ‘‘Full Speed Ahead’’ can mean only one 
thing—the maximum speed that can be generated in the shortest 
possible time. 


PLANNING REQUIRED 


5. With thousands of plants to look out for, a great number 
of them surprisingly unready to cope with the difficult situation 
we are facing, these hard-working and patriotic industrial lead- 
ers are thankful that some industries have taken the future into 

* Chief of Apprenticeship, Division of Labor Standards, U. 5S. Department of Labor 


Nore: Presented at a session on Apprentice Training, 45th Annual A.F.A 
Convention, New York, N. Y., May 18, 1941. 
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onsideration in their planning. If the practice of planning for 
the future had been more widespread, the task of preparing the 
ation would have been greatly facilitated and would have made 


the job of dove-tailing our own defense requirements with obliga- 


tions already pledged to other democratic nations much easier. 


6. It is particularly satisfying to discover that foundrymen, 
not actually in possession of machinery that will solve their 
production and related problems, are, to a conspicuous degree, 


inxious to cooperate with government efforts to aid them. 


7. Government officials and advisors are all only too well 
aware of the position the foundry holds in industrial operations. 
If a large portion of leaders among foundrymen had not been 
men of foresight and judgment, the foundry industry could have 
developed into a ‘‘bottleneck’’ that would have completely snarled 
the whole defense program. Machine, tool and die shops, forges, 
munition plants, arsenals, all must wait on the foundryman for 


essential items. 


s. When, last June, the nation became conscious of its peril, 
the foundry industry was in better position to meet the situation 


than many other industries. 


9. This did not apply to all foundries, unfortunately. In 
every field—industrial or otherwise—there is always a group of 
: . u I 


‘‘dead weights’’ who are slow to react to proved p -actices. 


10. A few foundries were no better prepared for what has 
happened than the Man in the Moon. When called upon to take 
over their share of defense work, they found themselves with in- 
sufficient or obsolete equipment and machinery, or, what was worse, 
with men who had not been properly trained and, therefore, could 
not quickly adjust themselves to new and radically different jobs 

jobs requiring handling of material with which they were not 
familiar or the production of precision castings calling for minute 


tolerances. 


11. But these ‘‘hard spots,’’ ‘‘spongy areas’’ and ‘‘blow- 
holes’’ were not insurmountable obstacles. The concentrated ef- 
forts of various government agencies, such as the Federal Com- 
mittee on Apprenticeship and the Training-Within-Industry sec- 
tion of the Office of Production Management, have been performing 
the necessary ‘‘annealing’’ operations to clear them up. 











838 APPRENTICE TRAINING 
FOUNDRY ATTITUDE TOWARD APPRENTICESHIP 


12. One of the reasons why many foundries were in such 
excellent position to face a many-fold increase in production was 
because of the open-minded attitude operators and craftsmen have 
maintained toward apprenticeship. 


13. The most modern methods of production cannot be fully 
utilized without trained mechanics who have a smooth-working, 
technical and practical knowledge of them. This is particularly 
true in the foundry field 


14. Molding and coremaking will always require the human 
touch. No matter how many mechanical improvements are evolved 
through the years to come, certain phases of these foundry jobs 
can be done only by a carefully trained human being. 


15. This is even truer of the patternmaking craft. Pattern- 
making will be always mostly handicraft, with machines being 
used for heavy, rough work. 


MEN AND MACHINES 


16. Machines can never be taught to think. It is a basic 
principle of democracy, that man is, and will always be, the master 
of the machine. This is also basic to the philosophy of appren- 
ticeship. 


17. Without a trained human brain to control and operate 
it, the machine remains dead and valueless; man’s abject and 
inanimate slave. 


18. In certain occupations the machine will always play a 
minor role. Bench work, lay-out work, assembling, repair work, 
maintenance—all these require the alert eyes and ‘‘sixth sense”’ 
and the deliberately trained fingers of skilled craftsmen 


Founpry Must Train MEN 


19. Only through apprenticeship can mechanics be developed 
with that ‘‘sixth sense,’’ that instinctive ‘‘feeling’’ that the job 
is just right. Reminding veteran connoisseurs, such as foundry- 
men, of the advantages of apprenticeship, is much like reminding 
them that air is good for the lungs. Smart foundrymen, and you 
have to be smart to be a foundryman, have known and appreciated 
apprenticeship for generations. Some of them have organized and 
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perated superb methods of training, not only apprentices, but also 


her labor essential to foundry work 


2). In foundries, large or small, all workers must be on 
toes, ready to cope with unexpected emergencies. Because 


f the ever present need for nimbleness of mind and body, foundry 


tors have had to consider the systematic training of all their 


workers as a necessary part of their operations 


21. An employee, who has not been ‘‘broken in’’ properly 
foundry practices and procedures, can cause himself or fellow 
vorkers great injury or do thousands of dollars worth of damage. 
ndry workers must always be safety conscious to carry on their 

A wrong guess, a misstep and days of preparation may be 
completely ruined. Necessity has forced system and order into 
training of foundry workers. Foundrymen are constantly on the 
ook-out for ways of improving and strengthening their methods of 
training. They copy from eaeh other, and many other industries 


ise these methods as models 


GOVERNMENT AIMS 


22. Government agencies, concentrating on developing quick, 
practical methods of training workers to fill urgent demands, have 
varned and are learning much from foundries on how to put order 


By the same token, foundrymen 


and system into such programs. 
‘an learn a lot from the technical advisors made available by 


these agencies. 


23. The all-consuming aim of government agencies today is 
to ‘‘pool’’ information on all successful in-plant training methods 
and systems and to make this great ‘‘pool’’ available to all indus- 
trial plants. The nation has been, and still is being, combed for 


information. 


24. Permanent government agencies, whose functions and 
activities touch on defense production, have been called upon to 
redouble their efforts and coordinate their work completely with 
emergency agencies. They have been called upon to do this not 
only in their special spheres, but also in related and allied fields 
so that every ounce of energy and every shade of thought is focused 
on each problem. Theories and technicalities have been shoved 
into the background, and emphasis placed on quick utility. It is 


touch and go. Everything is being setup in terms of immediate 
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and practical action. Every shortcut is being explored. Every 
effort is being made to simplify production. 


INCREASED APPRENTICESHIP TRAINING RECOMMENDED 


25. In May, 1940, when the first step was taken toward arm. 
ing the country for ‘‘blitzkrieg’’ warfare, the industrial experts 
and leaders, called in by the President to advise and assist him 
revamp the national industrial machinery for this tremendous 
burden, recommended that efforts to promote apprenticeship be 
intensified many fold. They felt that the first move in bringing 
production up to full capacity, was insuring a continuous stream 
of trained craftsmen, and that the way to insure such men were 
being developed was to concentrate on apprenticeship. 


26. Satisfied that the apprenticeship staff of the U. 8S. De 
partment of Labor, operating under the guidance of the Federal! 
Committee on Apprenticeship, was doing a thoroughly satisfactory 
work, these leaders recommended that the staff be greatly in- 
creased. All matters pertaining in any way to apprenticeship in 
those fields vital to production of defense necessities were to be 
turned over to us lock, stock and barrel. 


27. Additional funds were allotted to cover the increase in 
personnel and activities were decentralized with the creation of 
five apprenticeship regions. This decentralization makes it possible 
to relay quickly and effectively the latest information on training 
procedures and methods to any plant in the 48 states. 

28. Even Hawaii has not escaped notice. An apprenticeship 
field representative is down there now, helping Hawaiian indus- 
tries analyze their defense training needs. 

29. The regionalization promotes not only quickness of re- 
sponse, but also greatly facilitates efficient coordination with local 
conditions and requirements. 


REPRESENTATIVES Asstst PLANNING 


30. Apprenticeship field representatives are assisting In 
planning all types of programs to train workers in a plant in 
addition to apprenticeship. This is in keeping with the govern- 
ment’s intention to bring every possible force to bear on every 
problem confronting defense efforts. The fact is widely recognized 
that most of the principles advocated for the training of appren- 
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riees are useful in insuring the efficient training of all skilled and 
emiskilled workers. 


S 


31. The merit of one of these principles—the local coopera- 
of management and labor—has been widely accepted and is 


eing applied generally. 


DIFFICULTIES ENCOUNTERED 


32. One of the difficulties only too frequently encountered is 
the inability ef employers and unions to understand that training 
if workers is their particular problem. The government merely 
wishes to help them solve these problems by supplying the best 
technical advice available and assist in other ways. The actual 
solution must be worked out between the management and the 
labor representatives of each plant or shop in the light of local 


needs 


33. The government, though anxious to get the goods it has 
dered, assiduously avoids any appearance of dictating. It feels 
that American industrial leaders are competent and patriotic 
enough to hurdle all obstacles, if they know where they can get 
practical specific advice on situations that are new and strange to 
them. The strength of America’s industrial structure is in the 
fact that its chiefs are willing to listen to and take sound advice 
and are willing to consult men with specialized knowledge. 


GOVERNMENT SuppPLIES TECHNICAL ADVISORS 


34. America’s future belongs to all of us, but employers and 
unions have more at stake than any other group. I am confident 
that management and labor, sitting down together, can develop 
a mutually satisfactory working formula to cope with the situa- 
tion, now facing them especially since the government has arranged 
to provide effective advisory and technical assistance to help 
accomplish this purpose. Does your plant need advice or data on 
upgrading? Is your shop facing a training or skilled labor situation 
that is new and different? Would you like to know how the same 
situation has been solved in other plants in your locality or other 
localities or in other industries? Do you need more skilled workers 
and do not know which way to turn? Do you anticipate difficulties 
in procuring sufficient workers in the near future? Whatever your 
problem, if it threatens defense contracts, call in the nearest ap- 
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prenticeship field representative. If that representative cannot 
himself provide you with the advice or assistance needed, he wil! 
see that a Training-Within-Industry panel member, able to meet 


the situation, is dispatched to your plant 


APPRENTICESHIP [Ss CORNERSTONE OF TRAINING 


>. The cornerstone of all in-plant training 1s apprenticeship 
Without the provision for training of apprentices according to ap- 
proved standards, no inplant training system can be considered 
complete. The various forms of upgrading are intended primarily 


as stop gaps to meet a tremendous bulge In industrial production. 


36. Apprenticeship, essential to the continuation of plant 
operations, definitely contributes to current production. The ap- 
prentice is selected because he has displayed exceptional natural 
ability or has demonstrated a definite familiarity with the craft 
or trade. In a large number of cases, the apprentice has already 
been in the shop or plant for some time, waiting for this oppor- 
tunity. Therefore, he can be put to work on actual production 


almost from the first moment. 


37. In hiring apprentices under the present conditions, a 
plant should give preference to young men whose qualifications 
make them immediate production factors. To do otherwise would 


be unwise 


, 


38. Without men who have been trained through apprentice- 
ship, where else are you going to get material for foremen? How 
else are you going to develop all-around skill needed by lead and 
setup men? How are you going to develop a journeyman in whose 
ability von repose complete and unflagging confidence? 
TRAINING Costs 

9. It has been said that apprenticeship is expensive. Figures 
do not bear out this contention. Time and again, it has been proved 
statistically that apprenticeship pays its own way. In many eases, 





no loss has been shown for even the first year of apprenticeship. 


10. Breaking in new workers is always expensive. Hundreds 
of dollars of work are spoiled and costly machines and equipment 
damaged through inexperience. The apprentice, even on his first 
day of work, is never completely ‘‘green.’’ He has some familiarity 


with the work, gained through previous shop experience, vocational 
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education or because he is related to a craftsman and thus has had 


an opportunity to observe and absorb some of the mysteries of the 


craft. Wide awake and quick, he can save the plant money by 
reducing expected spoilage and wear on machinery and equip- 
ment. If an apprentice shows an inclination to progress faster than 
his schedule, the plant operator is that much better off in the 
matter of supplying his need for all-round workers. It is some- 
times possible, by careful choosing, to employ apprentices with 
sufficient all-round shop experience to warrant their becoming 
full-fledged journeymen in one or two years. 


11. In making plans to train workers in your foundries, do 
not overlook or underestimate the immediate value of apprentice- 
ship. It is basic to the development of an all-round permanent 
plant erew. It is the only orderly and systematic way to guarantee 
trained help within the shortest possible time. 


SKILLED MEN IN DEFENSE 


42. Between one-third and one-fourth of the people still to 
be hired in defense industries will have to be skilled in more than 
three or four phases of the work to be done. A study of the skilled 
labor requirements of selected defense plants destined to hire 
84.000 workers before the end of 1941, reveals that almost half of 
this number will have to possess all-round skill, with two-thirds 
of the remainder being semi-skilled and the rest unskilled 


43. In some fields, the percentage of skilled workers required 
to insure the highest efficiency is even higher. Studies of labor 
needs of shipyards indicate that at least 60 per cent of all workers 
must have skilled knowledge of their craft. The percentage for 
foundries is nearly the same. 


44. The standards of training apprentices advocated by the 
Federal Committee are finding increasingly fertile soil. At the 
latest accounting, 827 approved systems were reported. Nearly 175 
of these are in private plants. For example, the molder and pat- 
ternmaking apprentices at the Allis-Chalmers Mfg. Co., Milwaukee, 
are being trained under our standards. Every day we receive 
reports that new joint committees have been created for metal 
crafts in key cities or plants. Though these signs of growing 
interest in apprenticeship are gratifying, emphasis at the moment 
is on all forms of in-plant training. 
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TRAINING Is INDuUsTRY’s RESPONSIBILITY 


45. We can no longer afford the luxurious feeling that we 


are doing all right if we are getting along. ‘‘ Business as usual’’ 
is far from enough. There is need of doing something realistic. 
eonerete, and dynamic to provide for rising demands for trained 
workers. This is especially true in the smaller shops. At the 
present moment, the Office of Production Management is exerting 
pressure on primary contractors to subcontract defense work 
This throws the spotlight on the small plants and, it naturally 
follows, on the labor needs of these plants. 


46. The bulk of training workers to meet the pressing needs 
must be done on the job. This training remains the responsibility 
of industry. No two systems of training can be exactly the same 
It is necessary to analyze every plant’s requirements individually 
and install a ‘‘tailor-made’’ training program cut to fit the exist- 
ing production setup. The general outline can be the same but 


the details are bound to vary. 


417. Why are we preparing ourselves so feverishly? Is it not 
to preserve the ideals of democracy? Is not democracy a synonym 
for teamwork? Is not the essence of democracy free and unstinted 
cooperation for the general welfare on the part of all citizens? 
Apprenticeship joint committees are symbolic of American team- 
work and cooperation. In times such as these, we should be doubly 
eager to use the instruments of democracy to help us—especially 
when those instruments make for greater efficiency and system 


and guarantee whole-hearted essential cooperation. 


FUNCTIONS OF JOINT COMMITTEES 


48. Joint committees, composed of an equal number of repre- 
sentatives of employers and labor, insure full and unreserved con- 
sideration of all angles on apprenticeship matters. By bringing 
management and employees together at regular intervals on a non- 
controversial subject, they tend to remove suspicion and inhibitions 
and encourage the reaching of quick and reaiistie solutions that 


will work. 


49. It is important that joint committees in no way take over 
the prerogatives which traditionally belong to management. Such 
committees function best when they act on matters of policy alone, 
leaving the administrative details to plant managers. 
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EMPLOYER AWAKENING NEEDED 


50. Ralph Flanders, an employer member of the Federal 
(Committee, recently said: ‘‘ What we desperately need is an awak- 
ening on the part of the employer to the gravity of the situation 
iid need for immediate and concerted action.’’ 


51. It is my fervent hope that what has been said here con- 
tributes a little toward this awakening. 


52. We have progressed far toward our goal, but the distance 
that remains to be crossed is appalling. What lies before us calls 
for greater efforts, greater cooperation, greater realism and under- 
standing, and, above all, greater sacrifices and concessions on the 


part of all of us. 


53. We must forget our foibles and our phobias and get down 
to ‘‘brass tacks.’’ We must put into living practice the ideals of 
the democracy which we are determined shall prevail against all 
odds. Those who are threatening us believe democracy is decadent 
and incompetent. That it lacks true order and system. That it is 
insufficient. 


54. We must prove with vengeance that it is a living, breath- 
ing, growing thing—a tree of life and knowledge nurtured by 
understanding and a willingness to work together for the common 


vood. 


55. The black leaves of the tree of totalitarianism glitter in 


the sun but it is rooted on unsound soil and its fruit is poisonous. 


We need only to prove the eternal quality of democracy and the 
tree of totalitarianism will wither and die of its own accord. 





DISCUSSION 
Presiding: J. G. GOLDIE, Cleveland Trade School, Cleveland, Ohio. 


CHAIRMAN GOLDIE: Mr. Patterson has given us a very fine outline 
of what is taking place in the industries of the country today with re- 
gard to the training situation. I am sure that there are men in this 
audience who have a few problems, perhaps, which do not relate to the 
whole country but which might relate to their own particular neighbor- 
hood and, through Mr. Patterson’s experience in some of the other small 
neighborhoods, he might be able to answer some of your problems. 
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M. J. Grecory!: I think our greatest trouble in connection with 
foundry apprentices is our own trouble, that we are trying to make 
molders and not trying to make foundrymen. I think we could go out 
on this particular street and, if we wanted molders, we could get a 
large percentage of available men to be molders. If our organization 
is built up properly, we will make molders very fast, but to make 
a foundryman, we cannot make him in 4 years. I dislike to listen to 
our employment organizations being accused of not picking the right 
men. I think they have a job to do and I think they are doing it well, 


There is one thing I would like to ask Mr. Patterson. In driving 
East to this meeting, along the roads through the country, I failed to 
see any posters, although there may be some, bringing out the position 
of the foundry industry in the defense program. I have seen any num- 
ber of them showing young fellows drilling something, running a drill 
press or something of that kind, but I have not seen anything adver- 
tising the foundry. Now, perhaps I have overlooked them. I have asked 
myself many times, “What is that young fellow drilling?” He must 
be drilling a casting, be it steel, brass or otherwise, or a forging. I think 
where the foundry has been lame, is in its publicity, as Mr. Patterson 
brought out somewhat. There is a lot of romance in it. But I think 
many times we bring a man into the foundry and we have not stated 
the objective very well. 


I take a great deal of pride that I am a graduate of Brown & Sharpe 
Apprentice System. I believe it is one of the best schools that was 
operated in this country, although I think the Caterpillar Tractor Com- 
pany is fast outdistancing them. So I would like to leave this point: 
Let us try to make foundrymen. Let us not take fellows off the street 
and out of school when all we have to encourage them with is a job in 
the foundry as a molder. I say, in a foundry that is organized properly, 
if the man will go to work and is willing to work, we will make a molder 
out of him and we will get our production of castings if the walls are 
big enough, if we have the floor space. 


I do not think there is entirely a shortage of skilled or trained 
labor. We have a shortage of men and boys who want to go into the 
plant. The gradual up-grading that Mr. Patterson brought out is an 
answer to this so-called skilled or trained labor. A man who is running 
a drill press alongside of a radial drill will soon learn how to run that 
radial] drill; and the man working in the foundry, working on the 
bench, if he is close by the side floor, will soon know how to make that 
side floor job, and you can move him up. 


It is not a question of shortage of labor; it is not a question of 
shortage of boys who want to be apprentices; it is something that we 
do not offer. In most cases in the foundry, all we offer in the way of 
a job to a young man is, “Well, when you are graduated, you are going 
to be a molder.” 


1 Factory Manager, Foundry Division, Caterpillar Tractor Co., Peoria, Ill. 
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I would like to cite a little experience of my own. I went in the 
yundry and I was more or less set up to take the place of the man 
who was the head of that foundry division. He was supposed to be 
sick. That was the incentive given to me. I was told that man was 
going to live only a short while. Unfortunately, for a lot of people 
looking for that job, he lived a long time. But that was the incentive 
given me, whereas with most of us, all the incentive we give to a young 
fellow is a job as a molder. I say any young fellow who is promised 
that that is all he ever is going to get, should go out some place else. 


CHAIRMAN GOLDIE: I liked the statement about the foundryman, 
and perhaps my committeemen will bear me out when [ say that as far 
ack as 1933, I made some similar statements—that there should be 
some objective in bringing boys into the foundry; that we should show 
them there really is something there to work for. 


A. L. ARMANTROUT?: When I started in the industrial relations 
department, we had 15 apprentices. In the past 5 years, we have built 
that group up to 125 at the present time. Our system at that time was 
to hire the son of some worker who had been with us for 15 or 20 years, 
because the boy wanted a job. There were no requirements to be met 
n going into the program except that he have five fingers and five toes 
and know enough to write his own name. 


It did not take long, when we finally really got into the problem, 
) find out that that was not all that was necessary to make even a 
molder, and, to back up the thinking that has been proposed before, 
| might say that we have lost four apprentices in 5 years. One was an 
epileptic. Another, we let go because he could not follow the rules of 
the shop (He decided that he was unable to wear goggles). Two other 
oys quit and went out into journeyman work at the end of their third 
year. We have a 4-year program. Now, when you figure that we lost 
1 out of, say, 120, that is a very low percentage. 


Our requirements are that the boy be a high school graduate or 
have equivalent training and experience, but he must not be just looking 
for a job. He must have had a semester of training in the high school 
n the field in which he wants to develop. 


We administer two tests. Prokably a lot of you are familiar with 
them. One is the Minnesota paper form work test and the other a 
general intelligence test. We find they are very good indicators of what 
is going to happen to that boy in our apprentice program. 


These tests were tried by ourselves on those apprentices that we 
had at the time that we started the survey some 3 years ago. Their 
test grades were compared with the instructor’s and the foreman’s 
grades, and we find that they are very reliable indicators of what he 
will do, according to the standards which we have set. 


There are too many of these youngsters going-intc apprenticeship 
whose only objective is to get the pay check on Saturday. The employ- 


Superintendent, Industrial Relations, Carnegie-Illinois Steel Corp., Johnstown, Pa. 
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ment office can do a job up to a certain point. They can weed out th 
undesirables. But I still think the foreman and the superintendent on 
the job should have the final say as to who are going to be put into an 
apprentice training program. Too much money is spent in finding out 
what we should have found out on the very first day that the man was 
in the shop. I think that there is a great deal more attention necessary 
than there has been in the past, in the selection of these boys that th 
companies are putting quite a bit of money into. Although they pro- 
duce from the very first day they are in there, if they are selected 
right, they still are a problem and an expense from the standpoint of 
administration of the training program. 


MEMBER: There were a couple of things brought up by Mr. Pat- 
terson that interested me, one of them in regard to the lack of romance 
in the industry and in trying to get the young man interested in foun- 
dry work and showing him the real future there is in it. 


One of the former speakers said that there has been no notic 
whatever of foundry work in any placards in the country. To the best 
of my knowledge, there has only been one placard eulogizing foundry 
work and that was by the United States Navy, a placard outside of th 
Grand Central Station about a year ago advertising the opportunities 
in the Navy for foundrymen and others. 


Now, in regard to trying to pick out boys for this training, I hav: 
picked out and trained quite a few boys and those boys are scattered 
around the various shops of this town of ours and some of them are at 
the Brooklyn Navy Yard. I tried to pick out boys from among those 
who came to me in the class to learn other subjects. They became in 
terested in foundry work, with the result that they stayed in foundry 
work and are still in it today. 


However, what I wish most to get over to you is that, after we do 
train our boys in our shops, in our classes, in our schools, there should 
be a definite tie-up somewhere with the foundry industry in order to 
maintain the interest of those boys. We can do the best we possibly 
can in our schools, we can do the best we possibly can in our shops, 
but in order to maintain interest on the part of that young man, or 
any person interested in the foundry trade, we must point out to him 
the advantages of the work. 


Now it seems to me that it would be advisable for this organization, 
the American Foundrymen’s Association, to try to do this, to establish 
progressive grades for foundrymen in our line of work. Of course, the 
people attending this particular convention are here for a specific pur- 
pose. I would like to advocate that the people who are interested in 
the training of apprentices try to sell a program whereby, first, we 
can select the best material available; second, that the training that we 
give these boys in our classes be coordinated with the actual needs 
of foundry work; and third, that it may be possible for us to show the 
person who is becoming a molder, a core maker or a melter that he may 
become a foundry foreman or something of that sort. 
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I have listened to Mr. Patterson state that there is a vast need for 
trained people. He spoke of the value of short-term work. Well, we 
all know this, that we can train, if need be, people in our shops or in 
our class, to do a particular kind of work in a short period of time, 
and they can do a good job. If we try to make bench molders, we can 
do so in a short period of time. If we want machine molders, we can 
do that, too. But if we want floor molders, it is going to take much 
longer to do that. But the thing is, we should have some definite pro-- 
gram set up and established. 


MR. PATTERSON: I was very appreciative of Mr. Gregory’s remarks, 
because I know he has made such a study of this himself. I think you 
have brought out a point that we can take heed to. We have been asked 
for cuts showing apprentices at work. The Saturday Evening Post 
carried one, if you noticed, a week ago, and various other publications 
have, but I will take heed of what you have said and see that we get 
a lot more of those in the foundry. That is one small way in which 
we can help on this. 


I would like to say further that one part of our service that I did 
not mention, as a clearing house, is that we are making studies of 
apprenticeship in plants that have had it a very long time. We made a 
study of Brown & Sharpe Mfg. Co., Providence, R. I., and I was glad 
Mr. Gregory brought that out, because we of the Federal Committee 
are pretty proud of the fact that Ralph Fanders, the employer member 
of that Committee, is a graduate of Brown & Sharpe apprenticeship. 
We now have a study of Brown & Sharpe that has just been made 
available, as well as some 20 or 30 other plants that have been carrying 
on apprenticeship. We will have more of them. Anything that we can 
supply to you on what is actually going on and is working out practically, 
we will be very glad to do. I assure you that we will get more illus- 
trative pictures that come directly from the foundry industry. That is 
a good tip, because almost every one that I have seen, too, has been 
machine tool. 


C. W. Wave®: If I understood Mr. Armantrout correctly, he said 
that he thought that the foreman or the superintendent should have the 
final say-so as to the apprentice that is to be hired. Is that correct? 


Mr. ARMANTROUT: Yes. 


Mr. WADE: I am not familiar enough with your training program 
to know whether you have someone who is definitely in charge of the 
training there, but I would say that if there is someone in the plant 
definitely assigned to training, that that individual should be qualified 
enough to have the definite say-so as to the hiring of apprentices, rather 
than to have to bother the foreman, who has his own men to take care 
of. It looks to me like the apprentice supervisor, or whatever title he 
may have, should be qualified to do that job himself, without having 
to call upon the foreman to make that decision for him. 


* Apprentice Supervisor, Caterpillar Tractor Co., Peoria, Ill. 
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Mr. ARMANTROUT: The apprentice supervisor is not too generally 
used throughout the industry. It is only in our larger plants that we 
have them. That is the reason we made no mention of it. However. 
in our particular plant, the apprentice supervisor, whom we call the 
director of training, takes part in the preliminary interviews and the 
testing program, but we feel that these boys are going to have to live 
with the foreman or the superintendent and that they should pass 


* muster out there before they are ever entered on the payroll. 








What the Foundry Apprentice Should Be Taught 
as Related Foundry Instruction 


By A. L. ARMANTROUT*, JOHNSTOWN, PA. 


se 


1. It may be well to define the term ‘‘related instruction’’ or 
‘‘related information.’’ As usually understood, ‘‘related instruc- 
tion’’ deals directly with trade processes and practices. It differs 
widely from abstract mathematics and sciences, which are normally 
taught in the regular classroom, since it is specifically related to 
the trade problems at hand. We assume industrialists are agreed 
that a well organized apprentice program should include some 
school work, but there is little agreement even among educators 
as to the best curriculum for an apprentice. We are attempting 
today to give you the benefit of past experience with several pro- 
grams, to reach a better understanding of the problem of complete 
trade training. 


REQUIREMENTS OF RELATED INSTRUCTION 


2. The instruction received by the apprentice away from the 
job can make or break a program. Related instruction to the 
apprentice should give specific information about his current work 
and provide an intelligent background that promotes the use of 
reason in his productive activity. 


3. The larger school systems are fortunate in being able, 
through larger appropriations, to provide buildings and equip- 
ment with which to operate trade and vocational schools. Most of 
the instructors in these schools are experienced in industry and 
industrial conditions in general. As the effectiveness of any trade 
training program depends upon the teacher’s knowledge of his 
subject and its proper application, he should be in close contact 
with industry and have a specific knowledge of the products of the 


plant where the apprentices are employed. 


Superintendent, Industrial Relations, Carnegie-Illinois Steel Corp., Lorain Div. 

Nore: Presented at a Symposium on Related Instruction for the Foundry and 
Pattern Shop Apprentice, 45th Annual A.F.A. Convention, New York, N. Y., May 
13, 1941 
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4. The situation of the school city and the apprentice pro- 
gram, with relation to size and objectives, will govern the type of 
program developed. 


®. A cooperative program, developed and financed by a group 
of manufacturers who furnish the necessities ranging from class- 
rooms to the funds for teachers’ salaries, will vary from the plans 
developed by employers in another district who have school co- 


operation and assistance in carrying out their training. 


6. Methods of class instruction also vary and are accom- 
plished in several ways. 


MetTHopDs or CLAss INSTRUCTION 


7. The use of supervised correspondence study for related 
study programs for apprentices dates back to 1891. When rail- 
roads established ‘‘head’’ training as a supplement to hand train- 
ing, one of the problems confronting them was providing uniform 
standards for a mixed group of trades. Limited numbers in the 
majority of the crafts made it uneconomical to provide adequate 
training in most of the trades. A comprehensive survey of methods 
and plans of classroom work revealed the weakness of traditional 
programs. Supervised correspondence study was resorted to and 
it proved so effective that it is still in use a half century later 


SUPERVISED CORRESPONDENCE INSTRUCTION 
8. Supervised correspondence instruction designates the pro 
cedure in which the industry enrolls the trainee with the cor 
respondence center, provides a study room and regular study 
periods, directs the studying of the trainee, and returns the writ 
ten or illustrated responses of the individual to the correspondence 
center for correction, criticism and further instruction. 


9. If there are ten or more apprentices in a given trade, 
provision can usually be made to offer related instruction with 
local schoo] aid. Under the supervised correspondence plan, each 
apprentice is enrolled for a course of instruction covering his trade 
practice. This even permits machinist, welder, molder, pattern 
maker, electrician and other trade apprentices to be grouped to- 
gether under one classroom supervisor. As each student has his 


own course, he may proceed as fast or slowly as necessary to 
thoroughly master the subject at hand, and without interference 
with any other student. 
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10. While it is apparent that apprentices in different trades 
eed different subject matter, it also follows that for true correla- 
tion of head and hand work, apprentices in the same trade may 
need different lessons. For example: An apprentice working on a 
upola should be studying its operation, care and maintenance 
while another boy in the core room needs information on sands, 
bonds, and core room practice. A third, working at molding and 
a fourth in annealing or some other phase of foundry work, would 


require still different information. 


11. Obviously, the best time to impart related instruction is 
when such information is needed and ean be applied on the job. 


12. It is seldom practical to start a sufficiently large group of 
ipprentices at one time to form a class under the lecture system. 
When apprentices are added as needed or on a schedule of induc- 
tion at irregular intervals the group will have progressed propor- 
tionately to their service record, and the advantages of individual 


instruction are obvious. 


Trade School Training 

13. The type of related instruction offered by the trade 
school can best be explained by outlining the organization experi- 
ence of our company in developing trade apprentice classes. 


14. The Industrial Coordinator of the public school system 
was contacted and asked for assistance. His advice was asked on 


the development of an effective trade apprentice training program. 


He immediately made arrangements to enter the trade apprentices 
of our company in a trade school. In these classes, the boys re- 
ceived instruction, not only in shop mathematies, but other related 
sciences as well—subjects which would develop them into capable 


workmen. 


15. In developing the program, a conference was held with 
representatives from the Federal, City and State educational de- 


partments. 


16. Various operating supervisors were called into the meet- 
ing in an advisory capacity and from the series of meetings, a 
practical program was developed. The group kept in mind, of 
course, that the aim of the program should be to assist individuals 
to become skilled workmen and that the program must establish 
favorable conditions whereby a young man might develop skills 
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and habits that would maintain him in employment. A coopera- 
tive scheme was evolved to achieve this goal, so that an individual 
might pass from level to level through coordinated instruction in 
related technical content built around the experience obtained by 
analyses of actual jobs. Detailed programs were worked out for 
the various trades. 


17. The municipally conducted schools, more often than the 
plant operated school, offer very thorough courses in molding, core 


BS) 


making, melting, cleaning and other trade technique. 


Shop Trainmg 

18. While the training in the shop may be thorough and 
modern in every respect, no single shop incorporates every known 
device or process as illustrated in the courses and texts used in 
many of these classes. Also, the foremen, instructors or other 
employees are often too busy and not completely informed on some 
of the points raised by the apprentices. 


A WELL-ORGANIZED RELATED INSTRUCTION COURSE 


19. The well organized course contains detailed information 
on green-sand molding, including various types of machine mold- 
ing, core making, dry-sand and loam molding, mixing east iron, 
cupola practice, elements of chemistry, foundry chemistry, metal- 
lurgy of iron and steel, foundry appliances and equipment, heat 
treatment of iron and steel, and information relating to materials 
used, as well as methods of testing raw materials and finished 
products. 


20. Due to the many changes and additions in processes and 
equipment and methods of testing, it becomes necessary to supple- 
ment any text with trade journals and other current information. 
Catalogs and hand books have a definite place in this department 
of the school, for much pertinent information regarding certain 
types of equipment and their proper functioning, depends upon 
the close following of certain rules of operation. 


21. It is true that much of the information contained in 
trade journals, and the Transactions of the American Foundry- 
men’s Association, is somewhat advanced, but it can be assimilated 
by the apprentice. This does not imply that the beginner should 
not be encouraged to read these publications, as well as the ad- 
vanced journeyman. 
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INSTRUCTION SHEET ‘TRAINING METHOD 
22. In our particular program, we supplement text gener- 
ilizations by the instruction sheet method. The related work on 
the instruction sheets deal with jobs and operations taken from 
the general run of shop jobs. These sheets are developed on the 
theory that any educational undertaking can be divided into fun- 
damental units which may be made the basis for instruction. These 
sheets deal with recurring jobs which come to the shops. Each 
job is analyzed and the trade is taught in blocks or units, which, 
when all are learned, will give the apprentice a competent knowl- 
edge of the trade and make him a journeyman worker. There are 
three types of instruction sheets: 
1. Operation Sheets—which deal with manipulative 
operations, 
2. Information Sheets—which deal with matters of in- 
formation and knowledge, and 
3. Job Sheets—which tell how to do complete jobs in- 


volving a series of operations. 


23. Illustrations are used freely on all sheets. These sheets 
are given to the apprentice for school and home study. The se- 
quence of distribution is based on order of difficulty, and they are 
coordinated with shop work schedules. Safe practices are taught 
as a definite and integral part of the current job. The apprentices 


are permitted to work through the series of sheets as rapidly as 


they are capable, to broaden their knowledge as much as possible 
on the operations in which they are currently scheduled. Refer- 
ences are made available for school or home study, and the instrue- 
tion sheets carry a list of questions which must be answered 
through text study. No apprentice is allowed to progress to the 
next instruction sheet until these questions are answered and the 
instructor is thoroughly satisfied that the material is understood. 


Fundamental Subjects 

24. Fundamental school subjects such as mathematics, sketch- 
ing, blueprint reading and industrial economics, are essential in 
the school course. Mathematical knowledge is needed to calculate 
charges, contraction of metal, amounts of material and other fac- 
tors; both drawing and blueprint reading are obviously needed, 
and the economics of modern industry enter into the human and 
material problem in every part of production. Civies is another 
worthwhile subject. Here again the material is best taught by 
applied examples. 
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INTERESTING THE APPRENTICE 
25. Sometimes boys genuinely interested in their trade do 
not appreciate the importance of school work. With intelligent 
effort, this attitude may be changed. 


26. In the first place, it should be pointed out to the appren- 
tice that a trade is a combination of knowledge and manual skill, 
and that shop work alone will impart manual skill only, leaving 
the apprentice more or less in the dark in the theoretical side of 
his trade and only partly equipped for his work. 


97 


27. Class work can be made interesting by means of concrete 
and specific, rather than abstract, instruction. Examples and illus- 
trations having reference to the trade work should be constantly 
used. Movies of shop processes, talks on safety and industrial sub- 
jects, and a number of visits to allied industries do much in stimu- 
lating interest. Company policies and procedures in labor relations, 
discipline programs, merit rating, employee request procedures, 
job evaluations, time and motion studies, ete., should be explained 
to the apprentices for a better understanding of the company for 
which they work. The value of these variations from regular 
classroom routine may be intangible, but experience has proved 
that they materially aid the instructor to hold interest and broaden 
the training of the apprentice by making additional assignments 
for outside study. 


28. Apprentices can be used in many cases to make researches 
of minor importance, to gather data for use in the classroom and 
to check various formulas originated from time to time against 
actual practice in an individual shop or the community as a whole. 

29. The course in related subjects should include a good 
foundation in elementary physics, chemistry and related subjects 
which apply to foundry work. Applications must be carefully 
pointed out as the apprentice must not be left to infer. 


THE INsTRUCTOR’s PART 


30. The instructor should explain all the common phenomena 
of the foundry and should answer the many questions which will 
be asked regarding foundry matters. Many apparently simple 
questions regarding foundry science are still subjects of dispute 
or research. The instructor can hold the interest and respect of 
the apprentices when such questions are brought up only if he is 
frank in his statement of the lack of knowledge on the subject. 





ARMANTROUT 
CONCLUSION 


$1. Society as a whole has to pay the bill for labor ineffici- 

-y. Half-trained or poorly trained workers in any field increase 
roduction costs which, in turn, are passed on to the consumer 
\ well-organized apprenticeship program should include both shop 


nd elass-room training along the lines advoeated in publications 


the American Foundrymen’s Association and the Department 


Labor. 


32. Large or small, a shop can adapt a practical method to 


successfully train its apprentices. The facilities are at hand. Your 


-hapter apprenticeship committee, the Vocational Department of 


our public school system, and the Department of Education at 
most State Universities and the Federal Government, have people 


ivailable to advise and aid in program development 


(For discussion see pp. 867 to 873.) 











What May Be Taught the Foundry Apprentice as 
Related Pattern Instruction 
By K. F. Ops*, MILwAuKEE, WIs. 


l K very professional college course, whether it be law, 
medicine, or engineering, includes a number of related subjects 
These subjects do not contribute directly to the sum of specialized 
knowledge to be used in the practice of the profession, but rather 
are included to develop an appreciation and understanding of the 
problems and complexities of the related branches. Similarly, 
manufacturing consists of a large number of specialists, all depend- 
ing upon each ocher to contribute their part so that the product 
can be completed. 


2. It is axiomatic that, if we understand the other fellow’s 
problem, we can cooperate better and more efficiently. To under- 
stand his job, we must know something about it, and that implies 
some training or experience on his job. 


Cooperation Between Foundryman and Patternmaker 
l 


) 


3. Full cooperation between the patternmaker and the foun- 
dryman is absolutely essential for successful foundry operation, 
and yet we find glaring examples daily which demonstrate a 
complete lack of understanding, not due to the desire to be un- 
cooperative, but due to ignorance. We have this condition in our 
shop and the author is sure, on occasion, that you will find it in 
vours. All too often, an apprentice spends 4 years in a pattern 
shop and never sees the molding process. He does not have the 
opportunity to see the result of leaving too little draft on a pattern 
nor does he experience the exasperation of trying to draw a pat- 
tern that is defective in this respect. One week on simple bench 
molding will place indelibly in his mind the importance of this 
practice 


* Falk Corp 

Nore: Presented at a Symposium on Related Instruction for the Foundry and 
Pattern Shop Apprentice, 45th Annual A.F.A. Convention, New York, N. Y., May 18, 
1941. 
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$, The extent of related instruction that can be given the 
foundry apprentice in the pattern shop is distinctly limited from 
the practical standpoint. This is more so in foundries not operat- 
ing their cwn pattern shops. This one limitation requires that 


arrangements must be made with pattern shops in the loeality to 


furnish the necessary pattern shop experience. During busy pe- 
riods, this is relatively easy; during dull ones, it is ofttimes 
difficult 


Pattern Shop Experience 

5. In analyzing the type of experience to be actually given 
n the pattern shop, we again are confronted with what should be 
taught. The work must be laid out in such a way as to emphasize 
the related theory and not to teach woodworking or patternmaking. 
It is not important, nor necessary, to teach the operation of wood- 
working machinery or hand operations. It is necessary, however, 
to point out how the pattern must be constructed to suit foundry 
conditions and limitations. 


Blue Print Reading 

6. There is perhaps no better place to teach blueprint read- 
ing than in the pattern shop. The young foundryman, if given 
the opportunity to work with a patternmaker on the layout, can 
see how the blueprint is developed into a full size pattern. During 
the pattern making, he can see the transition from two dimensional 
drawings te a three dimensional object. There is perhaps no other 
skilled workman who knows less about blueprint reading than the 
average molder. Yet no one will deny that this is a valuable trade 
asset. 
Safety 

7. From a safety standpoint, it is both impractical and un- 
necessary to permit the foundry apprentice to operate high speed, 
dangerous woodworking machinery, and yet we find many pattern 
shops giving just this type of training. Another training practice, 
if we can call it that, is to take the young apprentice into the 
pattern shop and let him shellac and letter patterns for a few 
weeks and hope that this exposure will be sufficient. He subse- 
quently leaves the pattern shop with little more than a knowledge 
of the pattern color codes and an ability to paint and letter a 
pattern. Neither of these constitute true related training. 


8. It is my firm belief that a few weeks spent with a pattern 
maker who can, and will, explain the complexities of his trade will 
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do much to further a young man’s understanding and apprecia- 
tion of patternmaking. No effort should be made to realize any 
production because the menial tasks that the foundry apprentice 
ean perform have absolutely no training value. 


Instruction by Journeymen 

9. Almost every pattern shop has at least one or two journey- 
men who have some teaching qualities. These abilities can be used 
to teach the prospective foundryman the rudiments of pattern 
work. If the patternmaker is working on a piece work or standard 
time basis, some allowance should be made for the time spent in 
teaching and explaining, even if this results in slightly increased 
cost when assuming these additional duties. In facet, it may be 
well to consider an additional payment whenever the pattern- 
maker assumes these responsibilities. This practice places an 
emphasis on the importance of the teaching job. To get the max- 
imum training value from this related work, we should not expect 
any productive effort for the time spent in the pattern shop by 
the apprentice. The slight additional bonus previously mentioned 
is well worth while because of the psychological effect it will have 
upon the teacher. 


Value of Related Instruction 

10. Your speaker is not at all convinced that related pattern 
instruction is of primary importance. It is certainly of some value, 
but it should not be a major part of the related training program 
as are a great many other related subjects that are of greater 
value. This opinion is advanced solely on the basis of steel foun 
dry experience and may be different in other types of foundries 
In many communities, we find that the pattern instruction pro- 
vided in the voeational schools, that the apprentice attends, is ver) 
complete and comprehensive, with the result that he enters the 
pattern shop with a fair background of pattern making theory 
and practice. 


11. The fact that the author has de-emphasized the im- 
portance of this phase of the apprentice’s instruction, should not 
be taken as an indication that it can be entirely omitted. He sin- 
cerely believes that it should always be included in a training 
program, but care must be exercised to prevent it from encroach- 
ing too much upon the time to be devoted to other related training. 


(For discussion see pp. 867 to 873.) 





What May Be Taught the Pattern Apprentice as 
Related Pattern Instruction 


By FRANK C. CEcH*, CLEVELAND, OHIO 


1. To be fair to all concerned, it is necessary to give the 
background against which the author has gathered the experiences 
responsible for the contents of this paper. Cleveland Trade School 
houses a diversified apprenticeship program of all-day unit trade 
education. The patternmaking division, at the present time, 
operates on the all-day unit trade plan. Our pre-apprentices come 
to us in an age range of 16 to 20 years, from public and parochial 
schools, having completed grades 7 to 12, and in some instances, 


high school graduates with a year or two of college. 


2. The probable learning rate average is in the bracket of 
85 to 95, the high rating being approximately 132 and the low 
65. Our choice in the matter of applicants is limited. Applicants 
are composed of those whom the academic teachers feel will never 
amount to anything in the academic world but would (according 
to them) make excellent trade material. Others are recommended 
to us by industrial arts teachers, and some come to us because they 
must find an early means of self-support. Few high school 
authorities care to steer the outstanding or good boy into trade 
education until he graduates from their school and then (in most 
cases) it is too late for him to enter pre-apprentice training. 


3. Your speaker knows of no other trade that offers the 
wealth of material that may be used for related instructional pur- 
poses that patternmaking does. It is natural that this be so, as the 
necessity of being at least familiar with the procedures of the 
drafting room, wood and metal working, foundry and coreroom 
processes and machine shop reutine, involves three or four distinct- 

*Instructor in Patternmaking, Cleveland Trade School. 
Nore: Presented at a Symposium on Related Instruction for the Foundry and 
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ly different vocations. For the sake of convenience and ease of 
compilation, the related instruction has been broken down as 


follows 


Human and Industrial Relations 

t+. There may be types of work where it matters little whether 
a person gets along with his fellow men or not. But this certainly 
is not the case with an apprentice learning a skilled craft, as he 
depends not on the boss, but on all men working within the de- 
partment to show him how things are done. Their like or dislike 
of him will be a measure of the amount of interest they will show 
in his mastery of manipulative skill and advancement. 


®. Anything that may be taught the pre-apprentice or ap 
prentice that will create a pleasing personality is of paramount 
importance to him. Among these may be included: 

1. Neat and proper dress. 

2. Clean and well-shaven appearance. 
3. Pleasant speech. 
+. Polite and alert attention. 
5. <A willingness to do things for others. 


6. Doing just a little more than he is paid for. 


6. The culture of a keen observation, right attitude, self- 
reliance. confidence and habits that make for traits of character. 


7. In this also may be included the study of labor unions and 
manufacturer’s associations, company history and the problems of 
management, social legislation. Much more ean be ineluded, if 


desired 


Pattern Shop Theory 

8. Just as the practical man lifts his eyebrow questioningly 
when theory is mentioned, so does the apprentice question the value 
of theory when he is told that it is essential to trade training. 
Yet some phases of trade work cannot be taught other than as 
theory ; other phases might be taught practically if time permitted ; 
still other phases are best prefaced or supplemented by theory. 
Under this heading may be included an introduction to the trade, 
followed by general theory that cannot be taught conveniently in 
separate units. The separate units may include: (1) Hand tools, 
(2) machine tools, (3) shop equipment, (4) materials and supplies. 
These headings have been found broad enough to inelude all neces- 
sary information. 








CECH 


Safety and Hygiene 
9. While close observance of safety and hygiene is of recent 
ite, it has already assumed national importance and attention. 
ts scope is broad enough to warrant a separate teaching unit, 
but much information must be imparted during demonstrations 
that show how tools, machines, equipment, materials, and supplies 
ire to be used. Violations of safety practices, when discovered in 
act, form excellent illustrations if the class ean be called to- 


ther at the time. 


Blueprint Reading and Job Planning 

10. Because blueprints are the craftsman’s chief source of 
nformation and instruction, it follows that blueprint reading is 
me of the most important subjects to be taught. The mechanical 
lrawing method of teaching blueprint reading is slow, unnecessary 
ind unrealistic. The mere visualization of an object is of little use 
to a patternmaker, unless it includes the planning of the making 
if the job. An accumulation of a large number of varied shop 
blueprints, carefully chosen and classified to permit a progression 
of steadily increasing difficulty of visualization and planning, is 
n absolute necessity to an efficient course of blueprint reading 
and job planning. A close study of these blueprints, supplemented 
by the use of guide sheets, is next best to the actual construction 
of the job 


Related Mechanical or Trade Drawing 

11. Any trade using surface layouts to establish profiles or 
shapes, is justified in teaching mechanical drawing. There is a 
definite carry-over from mechanical drawing to the trade in a 
similarity of methods used, even though the tools used are dif- 


ferent in themselves. 


Related Sketching 

12. A patternmaker often is cailed on to make his own 
sketches for a machine part that might be broken but must be 
left in assembly until a spare part is available. Explanations or 
discussions regarding the construction of a job often are accom- 


panied, or supplemented, by sketches, drawn to make more clear 
points that seems rather hazy or difficult to understand. 


Trade E nglish 
13. Trade English, in the form of trade or technical terms, 
the writing of technical papers on materials, supplies, or tool 
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processes and oral or spoken English, to learn to better express 
and make oneself understood, should form an important part of 
each trade curriculum. The use of a reference library and hand. 
books may be part of this course. 
Trade Mathematics 

14. Trade mathematics, consisting of arithmetic used in 
wage, lumber and supplies, cost computations, practical geometry, 
use of decimals and use of formulas in weight computations, con- 
tributes toward a weli-rounded apprenticeship. 
Trade Science 

15. Science, taught in an abstract way, holds little interest 
for the mechanically minded. But when the teaching of science 
is coupled with materials and supplies used in the trade or with 
the methods of constructing patterns or operation of machines 
and the use of tools, then it becomes a vitalized subject meaning 
much to an apprentice. 
Related Foundry Work 

16. Foundry work, in such aspects as will challenge the in- 
telligence and skill of the pattern apprentice, will teach him not 
to forget that, after all, a pattern is but a tool for the molder and 
the coreboxes and accessories but tools for the coremaker. It is 
necessary that the apprentice be given the actual work to find out 
for himself the problems confronting the foundryman. 


Machine Shop 


17. A course in machine shop, with such theory as is neces 
sary to do the practical job, soon teaches the apprentice that the 
difference in specified finish allowances are based on actual machin- 
ing difficulties or requirements and peculiar behavior of individual 
metals. 


CONCLUSION 


18. From the foregoing it may be seen that the problem of 
‘‘What to Teach to Pattern Apprentices as Related Pattern In- 
struction’’ resolves itself, not into how much related instruction 
may be taught, but rather how much time may be given to each 
subject so that each gets its proportionate representation, accord- 
ing to importance in the curriculum. 


(For discussion see pp. 867 to 873.) 





What May Be Taught the Pattern Apprentice as 
Related Foundry Instruction 


By GEORGE GEDEON*, CLEVELAND, OHIO 


l. Since the relation between the foundries and pattern 
ps is so close, it certainly is necessary that the pattern ap- 


entice be taught some of the related foundry practices. 


2. We must realize the demands made upon the foundries 
r castings of certain types has forced the use of ingenuity on 
the part of the patternmaker and molder to an unheard of extent. 
We, who are connected with some of the larger foundries, think, 
rst, of quantity production. This, of course, does not cover the 


veneral run of work in the jobbing foundries. 


}. The size and number of castings required must be con- 
sidered in arriving at what type of pattern is to be constructed. 
iis decision should be made with full consideration for the 


ndry 
SHOULD KNow ‘T'yPEs OF PATTERNS 


t+. The pattern apprentice should be acquainted with the 


pes of patterns used, namely: 


1. The loose patterns and materials used for making 
same, including woods (pine, mahogany, cherry, 
maple, redwood, ete.) and metals (brass, iron, alumi- 
num and white metal). Also plaster and wax for 
ornamental and architectural castings. 


Match-plate pattern equipment and methods of mak- 
ing them in sand and compositien molds, with or with- 
out pressure. In addition, he should have a knowledge 
of mounting of the pattern or patterns on the plate. 
The number of patterns on a match-plate should be 
*Superintendent of Pattern Shops, Aluminum Co, of America. 
Nore: Presented at a Symposium on Related Instruction for the Foundry and 
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controlled by the weight of the finished mold, or mold 
halves, depending entirely on method of handling. Thy 
patiern apprentice should be taught to realize that 
the pattern is made but once and may be used to mak, 
hundreds of molds and therefore, full cooperation with 
the foundry as to crushing strips and cope clearances 


must be considered. 


3. The cope and drag equipment, made of wood or meta 
for higher production and methods of pinning, to 
assure matching of mold halves. 

+. The stripper type of cope and drag equipment. 

». The skeleton type, used for making both mold and 
core. This type is used frequently for special wate) 
pipe sections, 

6. The method of sweeping up a mold, as used in making 


slag pots 


7. The sectioned type core box, as used for making 


large diameter wheels and method of assembly with 


vauges. 


S. The model of deep relief, where you make a false drag 
from which cope is made and shaved for metal 
thickness. 


». The one idea to be impressed on the pattern apprentice 
is the desire for good castings at the least cost, be it 1 or 1000 
required. Parting lines should be established so that the impossible 
should not be expected from green sand molding. He should also 
know how to properly support patterns with uneven parting lines 
on follow-boards or a match made of other materials. He should 
know about the various types of molding machines. 


CorE Box CONSTRUCTION 


f In constructing core boxes, consideration must be given 
to getting sand into the box, either manually or by blowing with 
air, and drawing of box from core. The core should be designed 
to avoid variation in making and drying. Core print sizes should 
be large enough to properly support the core in the mold. The 
apprentice also should understand the use of chaplets, where per 


missable and the use of the ram-up cores for parts of the mold that 
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iid be hazardous if made in green sand, the hazards of washing, 
ving or dropping. He should also know that where loose pieces 
used, sufficient space should be allowed to draw the pieces 
thout special equipment and that where extreme accuracy is 
required on cores, driers should be used in preference to bedding 


sand. 


7. Some of the other points with which he should 


juainted are: 


he ac- 


The use of green sand cores, made on the same floor 
with the molding gang and the savings involved. 
The use of core arbors and dry sand cores as ar| 
The use of green molding sand for top half of core. 
The use of green topping a lower-half core already 
baked with green core sand and rebaking to avoid 
assembling, pasting and mudding. 


rs. 


The amount of machining allowance to be determined 
by consulting the foundry as to how straight or true a 
given face can be held in casting, and also what dif- 
ficulties the foundry may have with faces of castings 
made in the cope. 


» 


One point on which the apprentice should receive instruc 
tion is terminology. At present, there appears to be no standard 
nomenclature throughout the pattern industry, which makes the 
teaching of this phase difficult 





DISCUSSION 


Symposium on Related Instruction for the Foundry and Pattern Shop 
Apprentice 


Presiding: J. G. GOLDIE, Cleveland Trade School, Cleveland, Ohio. 


CHAIRMAN GOLDIE: The second part of our program is a Symposium, 
n which we have four outstanding men as leaders. A. L. Armantrout 
is superintendent, Industrial Relations, Lorain Div., Carnegie-Illinois 
Steel Corp., Johnstown, Pa., who has already presented himself; Frank 
C. Cech is instructor in patternmaking, Cleveland Trade School, Cleve- 
land, Ohio; George Gedeon is with the Aluminum Company of America, 
Cleveland, Ohio; and K. F. Ode, who is Supervisor of Apprentice Train- 
ing, Falk Corp., Milwaukee, Wis. 


Our first speaker, Mr. Armantrout, has been very active in the 
field of apprentice training. He is going to open the symposium by 
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speaking on the subject, “What May Be Taught the Foundry Apprentice 
as Related Foundry Instruction.” 


Mr. ARMANTROUT: Before I read this paper, I would like to say 
that apprenticeship is something that is very close to my heart. My in- 
troduction into the industrial relations field was as director of training, 
Carnegie-Illinois Steel Corp., South Chicago, Ill. We started practically 
from scratch 6 years ago and we have built up what we now feel is a 
good program of trade training. 


The matter of apprentice selection, about which I spoke previously, 
is a serious propesition and [ feel very deeply about it. You are con- 
trolling the lives of innumerable people by the manner in which you 
conduct your apprentice program. Too much depends on it to do it hit 
or miss. 


(Mr. Armantrout presented his paper.) 


CHAIRMAN GOLDIE: The second speaker on this symposium is con- 
nected with the Falk Corp., Milwaukee; and Falk and apprentice train- 
ing are synonymous terms. K. F. Ode was employed by the Falk Corp 
from 1933 until January, 1941, as personnel director. Since January 1, 
1941, he has been plant engineer. From 1933 to 1940, he also taught 
engineering at the evening technical course of the Milwaukee Vocational 
School. Mr. Ode will talk to us on the subject, “What May Be Taught 
the Foundry Apprentice as Related Pattern Instruction.” 


(Mr. Ode presented his paper.) 


Mr. Op! I would just like to take a moment to further explain 
, the Training Within Industry program that Mr. Patterson has touched 
upon. This plan is now operating in 20 regions throughout the country, 
and every region is directed by a man from industry who has been 
loaned by his particular company. He has under his direction a large 
panel of consultants, all men who are still working in industry. We should 
use these mcn whenever a training problem arises. If you have a pro- 
gram involving apprenticeship, as Mr. Patterson pointed out, by all 
means consult the Federal Committee on Apprenticeship. On the other 
hand, if you are confronted with an up-grading problem or some other 
problem involving the rapid training of semi-skilled workers, these men 
are available for consultation and help. 


The entire program is under the direction of Mr. Dooley, who was 
loaned to the government by Socony-Vacuum, and if you do have a 
training program, you will find that these people are willing, able and 
capable. The consultants will not do any actual training in your plant, 
but they wiil advise and possibly help the man who is responsible for 
training in your plant. This service is available; it does not cost us 
anything; so I would suggest that you avail yourself of it. 


CHAIRMAN GOLDIE: Our third speaker is Frank C. Cech, my co- 
worker. Mr. Cech has done some outstanding work in the training of 
apprentices and in the writing up of our apprentice contests. Perhaps 
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you all receive the American Foundryman, and for the past two years, 
Mr Cech has done what we consider an outstanding job in making a 
diagnosis of the different patterns that were submitted from all over 
the country. If you have not already read his articles, I would suggest 
that you do so and that you make a thorough study of them, because 
they are really worth something. 


Mr. Cech is instructor of patternmaking, Cleveland Trade School, 
Cleveland, and he will talk to us on “What May Be Taught the Pattern 
Apprentice as Related Pattern Instruction.” 


Mr. CecH: Allow me to deviate a little from this talk. We are all 
busy, I know, and consequently I, like some of you, turned down this 
past year some of the work that is connected with the contests, among 
other things, the making of the patterns. But when we got stuck for 
patterns this year, we made them again. I just want to add my thanks 
to Mr. Gregory, Mr. Brah, Mr. Reuter, for the fine words that they in- 
cluded in the letters that I received from them. It is such letters of 
recognition that make you feel as though you want to stretch just a 
little more to make things worth while. 


(Mr. Cech presented his paper.) 


CHAIRMAN GOLDIE: Our fourth speaker is not new in the ranks of 
patternmakers. He is one of the, not old timers, but we might say 
sometimers. George Gedeon has been in the pattern shop since he was 
knee high to a grasshopper. He has risen to the position of superin- 
tendent of pattern shops, Aluminum Company of America, with head 
quarters in Cleveland. Mr. Gedeon will tell us what a good practical 
man thinks may be taught the pattern apprentice as related foundry 
instruction. Mr. George Gedeon. 


(Mr. Gedeon presented his paper.) 


M. J. Grecory!: I would like to get up and accept the challenge 
that Mr. Gedeon threw out a little while ago. I thought my friends 
from Brown & Sharpe, Mr. Sherwin and Mr. Goss, were going to get 
up, but I guess they are allowing me, as a former Brown & Sharpe man, 


to do the talking. 


Mr. Gedeon threw out the challenge that from now on you are going 
to see patternmakers running foundries. The challenge that Goliath 
threw out, I do not think was any greater. I have been out in the Middle 
West for 25 years, and, very true, in the automobile district, that is 
about all you found running foundries, was a fellow who came up 
through the pattern shop. I think that is a discredit to the foundry 
rather than a credit to the patternmaker. 


I do not know whether Mr. Patterson has had the privilege of meet- 
ing Claude Heaccock down in Washington, who is our President, as 
Assistant to the Undersecretary of War. I am sure, Mr. Patterson, if 


Factory Manager, Foundry Division, Caterpillar Tractor Co., Peoria, Ul. 
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you talk to him, you will find that foundry apprentice training is very 
close to his heart. 


Some 25 years ago, all you had to do was walk the streets of Detroit 
and tell people that you worked at Brown & Sharpe’s, or lived close to 
it, and mention Henry M. Leland, and they gave you a job right off the 
bat. They took you at face value. 


What are we in the foundry business going to do to compete o; 
combat this challenge that has been given out? Are we going to stand 
idle? I know at Caterpillar Tractor Co., in Peoria, that I could 
enumerate half a dozen fellows, easily, who can run the foundry, and 
perhaps other foundries, and I would not hesitate to recommend them 
if anybody found themselves short in this defense program. We make 
foundrymen, not molders. They can run a cupola; they can run any part 
of the foundry division. I think in that point, is the answer to that 
challenge. 


I can recall, about 40 years ago working in a foundry where there 


were showel baths and concrete floors and lockers, possibly the only one 


in the country that had them. We in Peoria have just spent $150,000 
for a building that is air-conditioned, for the reception of foundrymen. 
[It ought to be an inducement for a different type or a better grade of 
foundry apprentice to come to work. The concrete floors are swept 
continuously. I think those are some of the things we can put in foun- 
dries, perhaps, to assist in fighting this problem of allowing pattern- 
makers to become foundry superintendents and managers. Is it because 
they have a higher intelligence? Is it because they have more education? 
After all, a patternmaker is only a human being and perhaps we can 
get fellows in the foundry who have some of those qualifications. So | 
accept that challenge and I hope that I can get some backing from the 
rest of the foundrymen, so that next year, and from here on, we will 
have less patternmakers running foundries and more foundrymen run- 
ning foundries. 


Mr. GEDEON: Mr. Chairman, may I congratulate Mr. Gregory? I 
hope you get the type of apprentices, and I am for you getting them, 
that will make you foundrymen without taking them away from the 
pattern shops. 


Mr. GREGORY: I am sure you are not going to do it if you allow 
the foundry superintendent to select the boys, because he is going to 
select boys out of whom he is going to make molders, and keep them 
there indefinitely. 

Mr. CECH: Mr. Chairman, you started out by saying this was to be 
a collection of opinions. This symposium is my baby. For a long time, 
I have been wondering just what we should teach these boys. I have 
received some help today, for which I am very thankful. I have to 
change classes with Mr. Goldie; he takes the patternmakers and I take 
the foundrymen, and I am stuck, because I do not know half the time 
what to give them on an hour-for-hour exchange, because the pattern- 
maker needs a lot more foundry than the foundryman needs pattern- 
making. 
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This blueprint reading idea 1 am very thankful for, because it 
trengthens my idea that a modern foundryman should have plenty of 

as well as a little computation. The patternmakers do teach the com- 
sutation of the casting, but there is another thing that I have been 
hinking about for years and that is casting checking and inspection. 
Would you men say that a patternmaker—and I will have to qualify that 
statement, because I did learn my trade in the foundry pattern shop 
ind I have been knocking around foundries for a long time—should be 
taught some casting checking and inspection—actually setting up the 
asting and checking? Would there be value for the boy in anything 
ike that? 

C. W. WADE-: Regarding your last question on the inspection sta 
tion or training for pattern shops, for some time now, our pattern shop 
apprentices have been spending some time on an inspection station, 
where they actually check the castings. In that way, they see the 
product, maybe not the exact one which they made, but others that 
someone else has made, and from that they can learn what the defects 


are in the actual casting. 


I also have a few other statements that I would like to make. Maybe 
[ am taking up a lot of time, but Mr. Ode, in talking about what may 
be taught the foundry apprentice as related pattern instruction, made 
the statement that he considers 2 or 3 weeks time all that is necessary 
for a foundry apprentice in the pattern shop. We at Caterpillar feel a 
little bit different than that. He also stated that a company should not 


feel like that time was being wasted. 


The foundry apprentices at Caterpillar spend 6 months in the pat 
tern shop, and they actually make patterns. They do not just spend 
their time shellacking or putting in wax fillets; they actually make 
wooden, as well as metal patterns. 


We feel that blueprint reading is one of the most important things 
for a foundry apprentice to know, and we realize that, in the foundry, 
a boy does not come in contact with blueprints very often. That time in 
the pattern shop, where he is actually coming in contact with the blue- 
prints, actually constructing the patterns, helps him a great deal when 
he goes back to the foundry. 


Mr. Cech also stated that mechanical drawing was too slow a process 
of teaching blueprint reading. Persenally, I do not know of any better 
way or any quicker way of teaching blueprint reading than through 
actual mechanical drawing, because if a boy does not know how to 
actually draw that print, how is he going to visualize how those lines 
were placed on that paper and just what they mean? 

Mr. CecH: I would like to answer Mr. Wade on the blueprint 
reading. I have been teaching blueprint reading to a group composed of 
machinists and foundrymen, core makers, molders, pattern apprentices, 
and also casting checkers and inspectors. Quite a few of them came from 


‘Apprentice Supervisor, Caterpillar Tractor Co., Peoria, Ill. 
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the Aluminum Company, and hold executive positions there today. Some 
have held them for a number of years. 

[ shall clarify the statement that I made regarding mechanical 
drawing in this way. I have sheets that I call view completions, where 
it is necessary to complete the view, a disarranged series of views where 
they have to arrange them in their proper order and section develop- 
ments. But that is not mechanical drawing, and I find that, over a 
period of, say three years of two semesters apiece, I can turn out, on a 
comparable basis of intelligence of the students, a better blueprint 
analyzer than you will generally find in the apprentice who takes 
mechanical drawing three times as long. 


Mr. ODE: Mr. Wade perhaps misunderstood me. I said that I would 
much rather see a boy spend 2 or 3 weeks under the direction of a good 
patternmaker than to spend the time shellacking or painting patterns. | 
still believe that it is not absolutely necessary that the president of any 
company be able to perform every operation in the company. Similarly, 
I do not believe that a man has to be able to make a blueprint in order 
to read one, nor does the foundryman have to be able to make a pattern 
in order to understand the complexities and problems that the pattern- 
maker has in regard to the foundry. It is a question of opinion more 
than anything else, although, as Mr. Cech says, this is a symposium. 


CHAIRMAN GOLDIE: I would like to thank Mr. Armantrout, Mr. Ode, 


Mr. Cech and Mr. Gedeon for their fine presentations on the various topics 
which were assigned to them, and I think we will all leave here with 
some things in our minds which perhaps we will put into practice. If 
we are already doing some of the things that our speakers have spoken 
about, we will do them better. If we are not doing some of the things 
which they have brought to our attention, we will at least try to do them. 


Mr. Wade has the official duty at this time of announcing the win- 
ners of the Naticnal Contest. It might be interesting to those of you 
who are not directly connected with this Contest, to know that these 
patterns are made from time to time at various places in the country. 
It so happens that Cleveland made the patterns this year. I should say 
further than that, that way back in September, October and November 
of last year, the sub-committee got together. We receive drawings and 
blueprints from all over the country and from these drawings, we pick 
what we believe is a suitable drawing from which a pattern can be made. 
At that time, we also pick a blueprint from which we think a suitable 
pattern can be made for the casting contest. 


It is a difficult job. We know that we are criticized often but we 
take it in good part, because we know within our hearts that we have 
really tried to do a good job. It is not always the best pattern; it is not 
always the hardest pattern, although sometimes it is too hard. Then 
the patterns are sent out all over the country and the different contests 
are held. As a result of these contests, the winning castings and pat- 
terns are shipped to wherever the Convention is being held and then a 
committee of 12 judges selects the winners. 
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These castings are not known; nobody knows where they come from 
They are all identified by number and nobody knows one casting from 
another, and from these castings that are sent in, the national winners 
are chosen. 


You will notice from the report that these castings came from well 
scattered sections of the country, although personally I am sorry to see 
so many prizes going west. It seems to me that this section right here in 
New York and over in Jersey be much more interested and perhaps 
should try to win some of the prizes. 





Some Observations on Malleable Furnace 
Refractories 


A. Kayser*. St. Louis. Mo 


Abstract 


Some remarks having to do with developments in ap 
pli ation and manufacture of refractories for air furnaces 
used in the malleable iron industry. The use of brick 
bottoms has become general where the iron is melted in 
cupolas and refined in air furnaces and is slowly increas 
ng in furnaces used for both melting and refining. De- 
sign and construction of brick bottoms appears to greatly 
nfluence bottom life. Better sidewall brick have been pro- 
duced through improved manufacturing methods, and better 
jointing materials have helped increase sidewall service. 
More knowledge has been gained concerning bung brick 
failures and in proved bung brick have been made avail- 
tble. A simple method of recording bung brick service is 


suggested. 


l. Refractories represent an important item in the produ 
tion of malleable iron, whether it is being melted and refined in 
air furnaces or melted in cupolas and refined in air furnaces 
Improvements in the manufacture of air furnace refractories in 
recent years have been reflected in lower costs of brick per ton 
iron, and in greater tonnages being produced in each furnace. The 
subject is one of interest to both foundrymen and manufacturers 
of refractories, but several papers dealing with this subject have 
been written in the past decade. This paper, therefore, will concern 
itself only with more recent experiences in malleable iron foundries 


Brick BoTrTomMs 


2. Non-shrinking fireclay brick and jointing materials better 
than ordinary fireclay have made it possible to build brick bottoms 
which will give much better service in air furnaces than sand bot- 


Chief Refractories Engineer, Laclede Christy Clay Products Co. 
Note: This paper was presented before a Foundry Refractories session during th 
45th Annual A.F.A. Convention, New York City, N.Y., May 12, 1941. 
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toms. A tabulation made by the Subcommittee on Malleable Fur- 
ace Refractories of the Joint Committee on Foundry Refractories 
a few months ago indicates a bottom life of from 3500 tons to 6500 
tons of metal on air furnace melting, corresponding to from 80 to 
100 heats per bottom, while on duplex melting the bottom life 
varied from 1800 tons to 5000 tons of metal, being generally longer 
n furnaces where more .uetal was melted per day. There appears 
to be quite general agreement about brick bottoms being desirable 
n duplex furnaces, while there is still a wide variety of opinions 


regarding the use of brick bottoms in furnaces for straight melting. 


3. Super-duty fireclay brick, special super-duty fireclay brick 
and 60 per cent alumina brick are being used in bottoms at the 
present time. Indications are that super-duty brick is of sufficiently 
high quality for this purpose and that this, therefore, is the more 
economical type of brick to use. It is important that great care 
is used in installing a bottom and that a good grade of bonding 
material is used in laying up the brick 


4. Large 9-in. brick of the 3-in. series—9 x 634 x 3-in.—are 
being widely used in bottom construction. They are set so that the 
thickness of the bottom is 9-in. and the 6%4-in. dimension is with 
the length of the furnace. It has been found that setting the brick 
n separate courses, not tied in with each other, makes it easier 
to patch certain sections of the bottom which are apt to wear out 
first. The contour of the bottom, 7. ¢. whether it is concave, flat 
or convex, seems to have considerable influence on the life of the 
brick. Best results appear to be obtained with slightly concave 


‘ 


bottoms where the ‘‘rise’’ of the inverted arch is only 2 to 3-in., 
so that the metal line will be on the sidewalls, not on the bottom. 
However, at least one case is known where an inverted arch with 
6-in. rise is being used successfully, although it has been found 
necessary to frequently spray the section where the bottom joins 
the sidewalls with a patching material, no doubt because the metal 
line often comes on the bottom. As to the slope lengthwise it is 
common practise to use a slope of 14-in. per ft. from the front wall 
to the tapeut section and \%-in. per ft. from the bridgewall to the 
tapout section. This apparently is sufficient to drain the bottom 
and here again it keeps the metal line off the bottom. 


5. The question of whether an air furnace bottom should be 
insulated or ventilated is one which needs careful investigation 
Both types of furnaces are being operated successfully with brick 
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bottoms, but definite data in regard to the advantages or disadvan- 
tages of insulation are lacking. Not many years ago an air furnace 
was always built on the floor with a solid bottom. Now the ten- 
dency seems to be to build the furnaces off the floor, with an air 
passage between the steel shell and the floor and with not more 
than 18-in. of firebrick between the steel shell of the furnace and 
the metal being melted. It is, of course, well known that the life 
vf refractories can be prolonged by taking heat away, but data 
relative to furnace economy and bottom life with insulated and 
air-cooled bottoms would be of considerable interest. 


6. In a furnace with a slightly concave bottom it has been 
found unnecessary to allow for expansion crosswise if a jointing 
material having a slight shrinkage is used. With a joint every three 
inches or four joints per ft. the thermal expansion of about ;);-in 
per ft. is quite readily absorbed. Lengthwise, however, it is well 
to allow for expansion at the front wall and at the bridgewall. 
While bottoms originally were built in under the sidewalls so that 
an expansion joint could be provided, they are now generally built 
up against the sidewalls, not in under. 

7. The type of mortar used in laying up a bottom seems to 
be of considerable importance. A highly refractory, heat setting 
mortar, preferably low in silica and with good bonding strength has 
been found to give much better results than either ordinary high 


temperature cements or common fireclay 


Bottom Service Records 

8. In keeping records of bottom performance it is suggested 
that in addition to all possible data about the construction of the 
bottom it would be of importance to know the daily tonnage melted, 
the number of days the furnace is idle, and occasional analysis of 
the slag at the end of a day’s run, particularly in regard to the 
FeO content. If any patching is done a record should be kept of 


vhere and when it was done 


SIDEWALLS 


9. The more widespread use of vacuum attachments in con- 


nection with stiff mud equipment has led to a generally improved 
quality of sidewall brick. Density and mechanical strength (tough- 
ness) combined with high refractoriness are the important factors 


in a sidewall brick. The improved level of the ordinary sidewall 
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brick has made it unnecessary for most plants to use super-duty 
brick in the sidewalls of their air furnaces, but in a few plants, 
where the conditions are unusually severe, the super-duty brick 
has worked out very well. In such furnaces it has also been demon- 


strated that in spite of the higher first cost it is economical 1 


> use 
a good mortar which is as resistant to the furnace conditions as 
the brick. The use of such a mortar actually prolongs the life of the 


brick by preventing penetration into the joints. 


BUNGS 

10. The conditions to which bung brick are exposed vary 
widely from one foundry to another. As a matter of fact it depends 
not only on the furnace operation but also on what part of the 
furnace the bung happens to be placed on. Charge bungs which 
are frequently removed from the furnace must stand not only the 
sudden temperature changes but also the purely mechanical abuse 
of being lifted off the furnace and put back on again. On the other 
hand, bungs on duplexing furnaces get neither the mechanical 
abuse nor the temperature changes charge bungs get. Nevertheless 
bung brick have to be made so that they will withstand the most 
severe conditions they might be exposed to. The present day bung 
brick, which is similar to a super-duty fireclay brick, is well suited 
for these conditions because it combines density and good mech- 


anical strength with excellent spalling resistance 


Bung Brick Service Records 
11. The question is frequently asked, why bung brick service 
varies so much from one foundry to another. The answer may be 


{ 


found in different methods of furnace operation, but it may also 


be partly found in laek of accurate records. In this connection 
it may be of interest to know how one progressive foundry operat- 
ng two air furnaces is keeping continuous and accurate records 
of their bung brick service. 


12. Each furnace is equipped with 32 single bung frames. 


The seven bungs nearest the burners are stay bungs, the next six 
are charge bungs, lifted from the furnace in sets of three and re- 
placed in the same manner after the furnace has been charged. 
Following these, five stay bungs separate them from another group 
of six charge bungs, after which eight more stay bungs complete the 
roof. A standard grouping segregate the different types of bungs 
according to the service to which they are exposed. Group 1 is 
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confined to the six charge bungs nearest the burners since these 
receive the most severe service, handling plus the highest tempera 
ture. Group 2 includes the second set of charge bungs receiving 
the same amount of handling but less heat. Group 3 is the five 
center stay bungs which get no handling but high heat and Group 
t is the stay bungs at both ends of the furnace. The latter group 


is carried on record but not used as a source of averages. 


13. Each bung frame is numbered, the 32 on the roof as well! 
as three spares maintained on a rack near the furnace. Thus 35 
bungs are given an individuality without which accuracy would be 
impossible. A chart representing the roof of each furnace is kept 
in the foundry oftice and equipped with movable tags numbered 
to correspond to the individual bungs. Each bung is checked when 
put on the furnace as to heat, date and position. Changes are noted 
from heat to heat, duplicated on the chart and then entered for 
record. The actual recording takes but a few minutes each day 
It is handled by pyrometer men who must spend the time during 
the heats at the furnace anyway. The record constitutes a running 
account from which accurate summaries may be supplied at regular 
intervals or merely as required by the superintendent or purchas 


Ing agent 


14. This system of accurate records has proven to be of value 
in various ways. The furnace men have learned to recognize the 
bungs by their numbers and consequently less changing has to be 
done to get the varied arches and lengths into their proper posi- 
tions. Defective frames are spotted more quickly and the furnace 
man can be told as soon as the defect influences the life of the bung 
brick. Handling damage greater than normal is quickly detected 


and responsibility for such losses placed where it belongs. Every- 


one takes a greater interest in bung life and seeks means of improv- 
ing it. The men around the furnace learn to recognize certain 
qualities in the brick which may indicate its worth or lack of it. 
And to the reputable firebrick manufacturer who makes a good 
bung brick it means that his brick will be recognized as such, which 


is not always the case where accurate records are lacking. 


15. Care in placing the bung brick in their frames is as im 
portant as using care in building a bottom or a sidewall. Using 
the correct brick to conform to the rise of the bung frame is 0! 
utmost importance to prevent pinching. The use of a high quality 
mortar will often prolong the life of a bung because it helps 19 
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‘event. vitrification and spalling. The bung frames should be long 
nough to permit the bungs to rest well in on the sidewalls, not 
‘ight on the edge. The spring of the bungs should be fairly high 
s the brick will sag away from a frame that is too straight much 


more readily than from a frame that is properly arched. 


16. The Joint Committee on Foundry Refractories has a sub- 
committee on Malleable Furnace Refractories of which Mr. J. H. 
Lansing of the Malleable Founders’ Society is chairman and the 
vriter is vice chairman. This subcommittee is very anxious to 


vather all possible data relating to malleable foundry refractories. 


The data will be discussed by the Joint Committee and reports will 
be published from time to time through the A. F. A. The subcom- 


mittee solicits your cooperation in its work because only through 
accurate information can progress be made. Perhaps the greatest 
handicap in research on refractories is the lack of accurate service 
nformation. Careful records kept in a malleable foundry and 
compared with similar records from other foundries will pay divi 


dends in the form of lower refractory costs for the entire industry 





DISCUSSION 


Presiding: J. A. Bowers, American Cast Iron Pipe Co., Birmingham, 
Ala 
J. R. ALLAN! (written discussion): Mr. Kayser’s paper is very 
timely in that it again focuses attention on the refractory problems in 
malleable melting furnaces. The paper calls attention to the service to 
ve expected from both the old type air furnace and air furnaces used 
as part of malleable duplexing operations. 


It is quite evident that if one is considering duplex operations, that 
the furnace should be of modern construction, viz., carried on piers or 
buckstays and a structural bottom, so that there is a good circulation 
of air between the underside of the structural bottom and the floor line. 
This is necessary in order to take away the heat from the furnace 
bottom to obtain the longer life of the refractory bottom. The refractory 
bottom for a duplex operation in an air furnace should be a brick bottom. 
It is our belief that the bottom should be slightly concave in order to 
avoid as much as possible any tendency for any portion of the bottom 
to become loose and float out of place. The wedging action of a concave 
bottom is necessary to contro] this tendency. 


With reference to the life of bung brick in malleable melting. fur- 
naces, the Joint Committee on Foundry Refractories in the Transactions, 


Asst. Mer Ind. Engrg. & Const. Dept., International Harvester Co., Chicago. 
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A.F.A., Vol. 35 (1927), reported quite completely on roof life obtained 
from various heights of arches used in the bung construction. The in- 
dications are very definite that the flatter the arch, the longer the life 
of the refractories. 


Probably one of the greatest single items tending to increase the 
life of the refractories and obtain a low cost for ton of melt is that the 
refractories should be made true to shape and dimension. Warped 
brick or brick not true to dimensions means larger clay joints and 
failure is accelerated by poor joint construction. 


Warped brick, or brick out of shape used in bungs will naturally 
crack when the pressure is put on the bungs to draw them up tight 
and every additional joint so caused by the cracking or splitting of the 
brick definitely lowers the life of the brick in that bung. 


MILTON TILLEY? (written discussion): The paper by Mr. Kayser 
been read with interest. Judging from my experience, the subject 


been thoroughly canvassed and ably presented. 


In the interest of dissemination of knowledge on the subject, I may 
add a few remarks about bottom brick as applied to our duplexing 
operation. From test runs extending over periods of 6 months to a year, 
we have found that the 60 per cent alumina brick gives the best 
all-round performance where 20 to 30 tons per hr. is tapped at 2850°F. 
continuously for 16 hrs. This furnace does not have air-cooled bottom. 
Lower grade refractories tend to fuse together and make the job of 
removal more difficult, and have a tendency to come up more often 
during operations, probably due to softening after prolonged heating 
at the metal temperatures used. This prolonged heat which allows the 
high heat to soak deeply into the bottom is the reason sand bottoms 
cannot be used in our case. The opposite is true in the case of inter- 
mittent heats where the heat is tapped out as soon as it attains max- 
imum temperature, allowing the sand to cool down ready for the next 
heat. In my o yn, this is the obvious answer to why the more ex- 


pensive bric] ttom is not used universally. 


Mr. KAYSER: I think, Mr. Tilley, that is of great interest. I think 


it proves that furnaces that are not air-cooled require better refractory 
bottoms than furnaces that are air-cooled. Some furnaces perhaps melt- 
ing as much metal as you are and perhaps with almost as high 
temperature would seem to get longer life from super-duty bottom 
brick but undoubtedly the reason for that is that they are ventilated. 
What is the coneavity of the bottom? 


Mr. TILLEY: The deepest section is 4-in., with 8 ft. between side 
walls. Bottom extends under side walls. We use %-in. per ft. on the 
drop from the back ends, with %-in. per ft. from the head end to the 
lowest point, which means the bottom of the back end is practically flat. 


Metallurgist, National Malleable & Steel Castings Co., Cleveland, Ohio. 
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Mr. KAYSER: I think that would mean that your metal line would 
usually be on the side wall rather than on the bottom. You have not 
said anything about what kind of bottom life you are getting. Are 
you willing to give out any figures? 


Mr. TILLEY: Up to 5,000 tons on the shortest life section of the 
bottom, and that is the tap hole area—usually 4,000 to 5,000 tons. 


Mr. KAYSER: Do you recall what life you got out of super-duty 
firebrick? 


Mr. TILLEY: About 3500 as an average. 


Mr. KAYSER: That very definitely proves it is worth your while to 
pay the higher price. 


J. H. LANSING®: I think the paper by Mr. Kayser was very in- 
teresting. It has been interesting to note that there was little difference 
between the refractory consumption in the case of duplex operation and 
direct melt operation. We made a further comparison based on the number 
of heats per day. The plants running two heats per day, although they 
were considerably smaller heats, used somewhat fewer brick than the 
plants melting one heat a day with larger heats. At the same time, we 
tried to draw some comparison as to the effect of using high or low 
volatile coal but were not able to arrive at any very definite conclusion. 
At one time the indication would be that the higher volatile coal was 
the harder on the refractories and in another case the reverse would 
be true. The average variations were insufficient to give any positive 
indication of a difference in the effect of high and low volatile coal. 


As to the comment that Mr. Allan made, I think what be said with 
regard to conclusions arrived at with regard to bung brick in 1927 
probably still applies, but we should bear in mind that there have been 
great improvements in bung brick since 1927 and that fact might affect 


some of the factois mentioned, 


MEMBER: In your opinion, for straight melting, is there any par- 
ticular advantage in the brick bottom over the sand bottom? 


Mr. KAYSER: I happen to be a brick man and therefore my opinion 
is that there is a very decided advantage but it is only from a purely 
selfish standpoint. I have never been able to find anybody in melting 
practice on straight melting who would admit that brick is of any 
greater advantage. However, it does seem that on the large heats, 
where you are melting 60 or 65-ton heats, that the brick bottom might 
have an advantage. I think you might get cleaner results and easier 
bottom maintenance. 


MEMBER: Would you say in 30 or 40-ton furnaces what would be 
the comparison of the cost of brick bottoms as compared with sand 
bottoms? 


Shop Practice Engineer, Malleable Founders Society, Cleveland, Chio 
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Mr. KAYSER: As I understand it, it is rather common to get 15 to 
16 heats on sand bottom. Would that be about correct? 


MEMBER: Yes, I would say that, anyway. 


Mr. KAYSER: It would appear on furnaces melting somewhere 
around 30 tons that the brick bottom would give you somewhere in the 
neighborhood of 3500 tons as an average. You can figure for yourself 
how the cost compares. I do not really know what the cost of the sand 
bottom is. 


MEMBER: What do 9-in. brick run, about 10 cents each? 
Mr. KAYSER: Approximately. 


Davip TAMOR?: I have jotted down several of the influencing fac- 
tors on how many operating days one should get out of a bottom. Some 
of us are going through these bottom problems and some are more or 
less successful ana some are not. I have put down the following points: 
furnace construction, method of laying, brick quality, tonnage melted 
daily, and method of tying the brick to the side walls. 


In your opinien, Mr. Kayser, which is the most important factor? 
We have floated brick with 742 in. of brick left and I just wondered if 
you should use the cheapest brick on the market and let that float? 
Maybe it would be cheaper. The reason I jotted these points down is, 
that the furnaces that I have seen that do have better life are rigid and 
seem to have plenty of air cooling. Some of them might have been 
revised, old-fashioned furnaces and others are brand new. 


Mr. KAYSER: Assuming that you are using brick that will not 
shrink at the higher temperatures and that will have sufficient refrac- 
toriness and sufficient spalling resistance, I think the one most im- 
portant thing is laying the bottom carefully. It seems to me we have 
evidence of good results in furnaces with a 2-in. concavity and in fur- 
naces with as much as a 10-in. concavity, and that is wide enough range 
to indicate to me that the particular depth you use is not all-important. 
I do think, however, that the more shallow the bottom the more im- 
portant it is that you get the bottom in tight and that you lay it with 
a material that will not shrink so much as to allow the bottom to 


become loose 


As to allowing for expansion, it has been our experience that it 
really is not necessary cross-wise but it is better to lay the bottom tight 
up against the side wall. Usually we will start out a bottom with No. 1 
wedge upside down. In other words, it gives you a slight skew. And 
then use straight brick almost down to the center of the bottom and 
then use No. 1 wedge to turn the bottom and go cn again to the side 
wall. That is the more shallow type bottom. If you use deeper con- 
cavity you have to use more wedges. We also find when you get to 7 
or 8 in. concavity you had better start with a special skew so as to get 
the right radius of the bottom, and that skew is usually built into the 
side wall to fasten it down well. 


* Metallurgist. American Chain & Cable Co., York, Pa. 
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Choosing from all the factors you mentioned, I would say I think 
that the actual care in putting in the bottom is of greater importance 
han any other factor. 


Mr. TAMOR: I know of one plant that gets 105 days out of a bottom 
and the way they tell me they lay the joints, I would be afraid it would 
come up in one day. The only thing they do that I approve of in any 
way is the fact they have a skew back. They do not use a special skew. 
They put 9-in. straight brick up against the bottom and let the brick 
form a skew back. Then they lay the side wall right up against the 
skew back. They hold it down with the bung. 


Mr. KAYSER: What is the shape of the first brick in the bottom? 


Mr. TAMOR: A wedge with the small dimension on top. I have 
seen trouble where the end wedge is laid with the small dimension on the 
bottom and there is a tendency to lift. I question all these things because 
one man apparently gets good results with what looks like poor practice 
and we have had bad results with what apparently looks like good 
practice 


W. A. BEAN®: I would like to ask Mr. Tamor, in connection with 
the last question that came up, whether he refers to a sand filled or 
steel supported bottom? 


Mr. TAMOR: Well, unfortunately there is sand underneath. That is 
why I raise all these questions. I wonder whether the sand is the cause 
of all of our troubles. We went to duplexing and I wonder whether 
we had just taken the easiest way out and tried to revamp an old 
furnace? 


Mr. BEAN: This is a revamped furnace? 
Mr. TAMOR: Yes, it is revamped. 


Mr. BEAN: That brings in some of the very important questions 
relating to air furnace construction for duplexing. The sand filled 
bottom was the logical procedure when first going into duplexing from 
direct melting. They just formed the sand and built the bottom on it. 
The purpose in developing the air-cooled, steel supported bot- 
tom, was twofold. One was to get a longer life, if it were possible to 
do so, by permitting more radiation to take place. The other was to 
provide a solid foundation on which to build a brick bottom and provide 
a construction which could be duplicated each time a bottom repair was 
made. The steel supported bottom obviously does do that. Suitable 
slope is provided to the front and to the back and the spring of the 
arch has varied with use. 


We do not know, definitely what is best. We get excellent results 
from 4-in. spring, and we have, I think, up to 8-in., spring of the invert 
forming the bottom. Experience varies as to the value of the higher refrac- 
tory brick. On the longer runs, unquestionably there is a difference. Mr. 


Vice-President. Whiting Corp., Harvey, III. 
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Tilley gave us his experience on that and his operations are pretty gen- 
erally on 16 hrs. continuous heat. Some others are getting very good 
results from a less refractory brick on 8 hrs. operation, and there 
is much to be determined yet on this whole question of bottom construc- 
tion. Experience is about the only thing that is going to tell us finally 
what is best. 


We have recently found it of advantage in a bottom 18-in. thick to 
use, instead of 9 in. for the lower part, two 4%-in. sections. This con- 
struction provides a better breaking of the joint and when, as occa- 
sionally happens, it is necessary to do some work on the lower 9 in. 
of the structure, it can be done by removal of 4% instead of 9 in. of 
brick. 


We have not found it possible to measure brick bottom life in tons 
of metal duplexed. It is rather hours that determine the life of a brick 
bottom. The severity of the service comes from the fact that a bottom 
is fired without metal for 1% to 2 hrs. and then a similar period is 
taken to build the bath, and from that time on the furnace temperature 
is raised to 2850° and up as high as 2940° or 2950°F., for a tapping. 


The condition for a bottom is entirely different on direct melting 
where the heat comes up to close to that same temperature but is 
held there for 1 to 1% hrs, instead of for 8 hrs. constantly, and the 
bottom maintenance is a problem in proportion to the temperature and 
the hours rather than the tons. It is difficult to get exact data because 
it is seldom that complete bottom renewal is made at one time. There 
are certain parts of furnace bottoms that burn out faster than others 
and, therefore, when maintenance is made to the front section, we will 
say, where it gets the most severe service, it may be a week, or two 
weeks, or three weeks, later when another section is renewed, and two 
weeks of expressed life in terms of either hours or tons is rather difficult 
and eventually I think we will come to speaking of per ton and per 
hour also. 


That does not give you the life of one bottom but it will give you 
the essential, which is the number of brick and, therefore, the cost per 
ton and per hour is going to be the measure. In duplexing we find 8 tons 
an hour does not cause the bottom to last many more hours than 15, 20, 
or 25 tons an hour provided it is all set up on 8-hr. service and close to 
the same temperature. 


Mr. KAYSER: Thank you, Mr. Bean. I think your remarks were 
extremely interesting and [ think you have put your finger on something 
there that perhaps explains to us why it is that the bottom brick ap- 
pears to be better on the high tonnage than the low tonnage melts. 
I think if the duplex bottom is exposed to heat while it is empty, that is, 
after melting has been done and while it is empty, that you have the 
formation of iron oxide on the bottom that would considerably attack 
the bottom and that may be one explanation why you get shorter life. 


I think you are right, too, that neither hours nor number of tons is 
going to be the ultimate explanation. I agree that we need both. 
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You mentioned the two 4'-in. bottom layers. Have you ever had 
occasion to use one 4%-in. layer and one 9-in. layer? I bring it out for 
this reason, that I was talking to an operator the other day about it. 
He does not happen to be operating a malleable furnace. They are using 
18-in. bottoms, and they tried 13%-in. bottoms and they could see no 
difference in the bottom life. That gave us the idea that perhaps the 
13%-in. bottom on the malleable furnace might be as successful as the 
18-in. 


Another statement was made that two 9-in. bottoms were not as 
effective as one 18-in., but to my knowledge, one 18-in. bottom has never 
been used in a malleable furnace. There is, of course, a point there that 
if buckling is a thing that determines bottom life, it may be that the 
18-in. would last considerably longer than the 9-in. because when you 
get down to just 2 or 3-in of thickness with the 9-in. bottom, it cer- 
tainly would have a great tendency to buckle, while if you had the 
18-in. it might continue to go way down into the last 9-in. 


Mr. BEAN: The punishment of a bottom at the end of the heat is 
one of the principle hardships on a brick bottom. Excessive firing before 
putting in the melt also tends to increase the severity. Any slag or iron 
left brings in a highly oxidizing slag on the bare bottom at the tail end 
of the heat and also at the beginning. Firing can be and should be 
reduced at the end of the heat to hold down the temperature and the 
effect of the adverse conditions that exist there. 


Now there are in malleable duplexing furnaces a number of instances 
where a 4%%-in. and a 9-in. course are used but that practice and that 
construction is confined largely to the sand filled design. There is no 
case that I know of of a 13%-in. bottom thickness on a ventilated or 
steel supported bottom. The prominent case that I have in mind of a 
4%-in. and a 9-in. course is working all right. It is a duplexing job 
that has been running for three or four years and is doing a real good 
job. That was put in on an old furnace and the practice has continued. 
Our objection to it is that it is not as rigid as the double 9-in., that is, 
as the 18-in. bottom, from the standpoint of retaining contour and hold- 
ing to the proper are and radius, and so forth, for putting in the 
bottom and keeping it. So that in general the duplexing bottoms are 
18-in. thick 


The single 18-in. bottom is used in air furnaces but not in mal- 
leable air furnaces and I do not like it at all. First, because there is 
no breaking of joints in the full thickness of the bottom. And where 
the 18-in. bottoms have been used there have been rather large shapes, 
due to expansion and so forth. Too, it is much more of a job to renew 
your bottom when an 18-in. bottom is used. At least, that is our observa- 
tion on it. The best method that we have now is to lay the bottom be- 
tween the sidewalls and not under the sidewalls, and we go in tight and 
use just a little bonding material. There are bottoms being built and 
maintained with no bonding material whatsoever, just the brick laid 
dry, and the indications are that there are advantages to that method. 














886 MALLEABLE FURNACE REFRACTORIES 


I am a bit interested in the skew back construction that Mr. Tamor 
has made. It has just put some thoughts in my mind to wonder if 
maybe there may not be a point in that construction. Frankly, we have 
had not many reports of bottoms coming up except in one plant. That 
has been the worst example of all the floating bottoms in duplexing jobs 
and I have not an answer for it. 


Mr. TAMOR: Mr. Bean, we have tried bottoms where we laid the 
brick tight and actually laid them with wooden wedges at the end of 
each course. When the bottom was completely laid we removed the 
wedges and forced an expansion joint between the last brick and the 
sidewall. The life was consistently low, 21 to 22 days. It is surprising 
how we get the same results with the different methods of laying. 


Mr. BEAN: Twenty-one to twenty-two days is a short life for a 
duplexing bottom. We do not consider that 30 days is poor performance 
in a duplexing job. If you obtain six 5-day weeks out of the major 
portion of the bottom you have done pretty well. 
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Gray Cast Iron 


By JoHn T. EAsH*, BAYONNE, N. J. 


Abstract 

Although the effect of ladle additions to gray irons 
has been known for some time, the mechanism by which 
improved physical properties of the irons was obtained 
was not known. In this paper, the author demonstrates 
the effect of ladle additions of silicon, nickel and combina- 
tions of the two elements, on the type of graphite forma- 
tion and the relation of the type graphite formation to the 
physical properties in low-carbon irons. He demonstrates 
that a low-carbon iron of the same composition and section 
size and poured at the same temperature with a structure 
containing dendritic graphite, has lower physical proper- 
ties than the same iron cast under the same conditions 
but containing flake graphite induced by inoculation. By 
a series of quenching experiments, the author demon- 
strates that gray irons, with a fine, dendritic, graphite 
pattern, solidify in the metastable iron-carbide system 
as white irons and that the eutectic carbide subsequently 
decomposes in the solid to form iron and graphite and 
that irons that solidify with a random flake graphite 
pattern, do so in the stable iron-graphite system and that 
the flake graphite forms during the freezing of the 
graphite-austenite eutectic. He also demonstrates that 
the iron-graphite eutectic temperature is 36 to 70°F. 
higher than the iron-carbide eutectic in slowly cooled, 
heavy-section, low-carbon, gray-iron castings. Following 
experiments with “seeding” low-carbon cast iron with 
graphite, he reaches the conclusion that inoculation pro- 
duces graphite nuclei which cause the iron to solidify in 
the iron-graphite system. 


It is well known that the quantity of graphite in gray iron 
has a direct bearing upon the strength and it is becoming increas- 


* Research Laboratory, International Nickel Co., Inc. 


Nore: This paper was presented before a Gray Iron session at the 45th Annual 


A.F.A, Convention, New York City, N. Y., May 14, 1941. 
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ELectTRic-FURNACE IRON, UNINOCULATED, For Properties, SEE TABLE 1. 


ingly clear to the foundry trade that the size and distribution of 
the flakes are also very important. Microstructural examination is 
now becoming a recognized method of control for castings requiring 
maximum properties, particularly in the machine tool industry 
where good wear resistance is required. To eliminate some of the 
variables encountered in day to day production, it is quite common 
practice to make a ladle addition of an inoculating alloy for the 
purpose of controlling the graphite structure, since a late addition 
is much more effective than a considerably greater quantity of the 
same elements in the original charge. 





RELATION BETWEEN PROPERTIES AND MICROSTRUCTURE 
or HiecH TrEst IRON 


2. Typical examples of undesirable and desirable structures 
are shown in Figs. 1 and 2. The latter has a random distribution 
of medium sized graphite flakes and was produced as a result of 
nickel and silicon additions to the ladle during tapping. The poor 
structure is of an iron from the same heat but not ladle treated and 
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consequently the graphite was very fine and arranged in a dendritic 
pattern ; such irons are readily identified by dendritic or coarse and 
irregular dark colored fractures as compared to the smooth, fine 
grain, light gray color of the good irons. The dendritic irons in- 
variably have low mechanical properties and poor wear and heat 
resistance, due to the continuous nature of the fine graphite pattern. 
The graphite in inoculated iron is contained in a smaller number 
of coarser flakes so that the continuity of the matrix is not so 
broken up and as a result the cast iron composite can attain more 
closely the properties of the matrix. Between the extremes, there 
exist irons of intermediate properties having mixtures of the two 
structures. 


3. The dendritic irons graphitize at a slower rate and are 
subject to chilling, as shown in Figs. 1 and 2, and the formation of 
carbides in thin sections. It also is not uncommon to find a den- 
dritic graphite structure on the surface of castings due to the rapid 
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Table 1 


PROPERTIES OF UNINOCULATED AND INOCULATED Low CARBON IRON 


IN Fias. 1 AND 2 


Ladle 

Uninoculated Inoculated 
pe A er ee 3240 5170 
Transverse Deflection (12-in. Span), in... 0.078 0.156 
Tensile Strength, lb. NE NG etre 5 eg acae 38,00 60,000 
fs 3. = ere : - 17 31 


cooling rate of the skin, even though the major portion of the part 

may contain flake graphite. The dendritic skin decreases the 
transverse strength and deflection and also the impact resistance 
of unmachined castings. By suitable ladle treatment, flake struc- 
tures can be formed on the surface. Typical examples of these two 
conditions are shown in Figs. 3 and 4. 


4. The tensile strength of the medium carbon plain irons made 
in the cupola is little affected by inoculation, due to the normal 
oceurrence of random flake graphite; however the chill may be 
decreased and the transverse properties improved as explained 
above. As the carbon content is lowered, the tendency towards the 
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Table 2 


PROPERTIES OF UNINOCULATED AND INOCULATED MEDIUM CARBON 
[RON IN Fas. 3 AND 4 


lL ninoculated Inoculated 
Tensile Strength, lb. per sq. in......... 39,700 43,600 
Transverse Load, lIb............ Pee rhs 2520 3160 
Transverse Deflection (18-in. Span), in... 0.253 0.381 
Isod Ace. ThAD.. ces SOLA RD ee Cone 22 38 
Chill Depth, i.....5.. j ae 0.67 0.04 


formation of the dendritic structure and black coarse fractures 
increases; and in such dendritic irons, the strength is usually in 
the low range of 30,000-45,000 lb. per sq. in., even though the 
carbon is low. However, at the same time, the effectiveness of ladle 
inoculation becomes greater, since the lesser amount of graphite 
and the presence of flake graphite instead of dendritic, allows a 
closer approach to the inherent strength of the matrix. Whereas 
the strength of a plain iron containing 3.10 per cent carbon may be 
increased only 4,000 lb. per sq. in. by ladle inoculation, a 2.25 per 
eent carbon iron will be improved over 20,000 lb. per sq. in. as 
illustrated by the data associated with Figs. 1, 2, 3 and 4 in Tables 
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1 and 2. The presence of carbide forming elements, that tend to 
increase chill in higher carbon irons, makes desirable the addition 
of a ladle inoculant to minimize this effect. 


5. With regard to the matrix structure of plain or low alloy 
irons, maximum strength is obtained when it is composed entirely 
of fine pearlite. Coarse pearlite, or the presence of excess ferrite 
or carbide, cause lower strength, the former due to its weakening 
effect and the latter due to embrittlement. 


6. The matrix structure can be controlled by the proper 
balanee between composition and section size for reasons well 
known: however, the mechanism of graphite formation in un- 
inoculated and inoculated irons has not been demonstrated and it 
is the purpose of this work to throw some light on these phenomena. 


EFFECT OF INOCULATION ON SOLIDIFICATION TEMPERATURE 


7. A perusal of the literature dealing with the freezing of 
east iron will show that there is quite a diversity of opinion regard- 
ing the mechanism of graphitization of gray iron. A great amount 
of work has been done by different investigators on separate phases 
of the reaction and deductions have been made; however, as in- 
dicated by Epstein’ in his discussion of the iron-graphite system in 
‘The Alloys of Iron and Carbon,’’ conclusive proof of the manner 
of formation of the different types of graphite has not been given. 


8. The more recent investigation of Boyles* shows very good 
evidence that the random flake type graphite encountered in the 
high carbon irons separates from the liquid as graphite during the 
freezing of the eutectic mixture. A comparison of the segregated, 
fine, dendritie-type graphite encountered in the uninoculated irons 
with the coarser random flakes in the ladle-treated, high-strength 
irons illustrated above, would suggest that the mechanism of 
formation of the two types was different and that ladle inoculation 
has a fundamental effect on the freezing mechanism. 


9. Immediate evidence of the positive effect of inoculation on 
crystallization was secured by means of thermal analyses. Low 
earbon irons containing 1.75-2.40 per cent carbon were used to ac- 
centuate the inoculating effect. Each heat was divided in two parts, 
one ‘‘as melted’’ and the other ladle treated with 0.6 per cent 
of 85 per cent ferrosilicon, so as to eliminate all variables of melt 


Superior numbers refer to the references at the end of this paper. 
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oF 8-1n, DiAMETEeR CasTINGS. 


history previous to inoculation. The irons were melted in an indue- 
tion furnace, heated to 2850°F., and cast at 2700°F. into test bars 
3-in. diameter by 7-in. long in open-top, dry-sand molds. After 
each casting was poured, a transite cover board and thermocouple 
assembly was set in the mold as shown schematically in Fig. 5 


10. The platinum, platinum-rhodium thermocouple, sheathed 
in a small quartz tube, previously had been adjusted in the assembly 
so that it was located finally in the center of the casting. The entire 
top of the mold was then covered with insulating powder to aid in 
slow cooling. Temperature readings were made every 10 sec. until 
freezing was complete. The average cooling rate of the castings 


over the freezing range was 0.33°F. per sec. 


11. Cooling curves are shown in Fig. 6 and a summary of 
the data is given in Table 3. Comparison of each pair of curves 
showed that the outstanding difference between the ‘‘as-melted’’ 
and the inoculated irons was the higher eutectic freezing temper- 
ature of the latter. The eutectic temperature of the ladle treated 
specimens was 36 to 70°F. higher than for the untreated irons, the 
difference depending upon the composition. 


12. The compositions of Melts I and II were adjusted so 
that the carbon and silicon contents of the ‘‘as-melted’’ portion of 
Melt I would be as close as possible to the inoculated portion of 
Melt IT to demonstrate that the difference in freezing temperature, 
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(Tor)—GRAPHITE STRUCTURE OF UNINOCULATED IRON oF MELT IV, Fic. 6. (Borrom) 
GRAPHITE STRUCTURE OF INOCULATED Inon or Met IV, Fie. 6. 


due to inoculation, was not simply a matter of composition. These 
two heats had differences of 70 and 60°F. between the eutectic tem- 
perature of their respective ladle treated and ‘‘as-melted’’ castings. 


13. Melt III, made to determine the effect of an alloy such as 
nickel, behaved in the same characteristic manner as the plain irons; 
however, the eutectic temperatures were higher than in the preced- 
ing two heats and the difference in freezing temperature between 
the treated and untreated portions was only 36°F. The carbon con- 
tent of Melt III was 0.25 to 0.50 per cent higher which probably 
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accounted for a major portion of the differences. Others*: + have 
noted that low-carbon alloys at the extreme left of the eutectic line 


freeze at a lower temperature than irons of slightly higher carbon, 


14. Melts | to ILL were made from remelted cupola iron and 
steel and contained fairly high sulphur. Melt IV, made from stee] 
and washed metal, had low manganese, sulphur and phosphorus 
and froze at a higher temperature. The difference in eutectic 
temperature between the ‘‘as-melted’’ and inoculated parts 


amounted to 39°F. Apparently sulphur and phosphorus act to 


lower the freezing point. 

15. A microexamination was made of a specimen, taken 
adjacent to the thermocouple, from each casting. It was found that 
the ‘‘as-melted’’ irons had fine dendritic graphite and the inoc- 
ulated specimens had flake graphite. Figure 7 shows typical struc- 


tures of the specimens from Melt IV whose cooling eurves 


are 
riven in Fig. 6 

lf One pertinent characteristic of the ladle treated irons 
vas the consistently shorter duration of the eutectic arrest as com 
pared to the uninoculated irons. One might expect the inoculated 
irons to have a longer eutectic arrest, due to their higher silicon 


would produce a greater quantity of eutectic. The 


for this behavior will be considered later 


i¢ 


MECHANISM OF GRAPHITIZATION 


17. The difference in freezing: temperature between the tw 


f 


nn suggested that the eutectic of the flake-pattern irons 


as freezing in a different manner from the dendritic-pattern 
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Fic. 9—Coo.tinc Curves oF QuENCHED Bars. 


irons. To reveal the difference in mechanism of freezing, samples 
were quenched at intervals during freezing and subsequently ex- 
amined microscopically. The specimen used for quenching was a 
var 6-in. long by 1.2-in. diameter so as to secure a cooling rate 
comparable to the standard arbitration bar. It was cast hori- 
zontally in a dry sand core, as shown in Fig. 8, which had a 
quartz-sheathed, platinum, platinum-rhodium thermocouple in- 
serted into the center of the cavity. By having the thermocouple 
in the upper part of the mold, the first metal cast preheated the 
quartz tube and prevented its cracking. 


18. Cooling curves were taken on each bar and, when the 
desired quenching temperature was reached, the core was broken 
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and the specimen immediately quenched in a tank of water. The 
temperature at the bar was recorded until it reached the water, 
A steel rod was stuck into the pouring sprue just before it solidi. 
fied, and this served as a convenient handle to facilitate rapid 
handling of the hot casting during quenching. The clamps on the 
core were removed while the specimen was cooling so it could be 
readily quenched at the proper time. Microspecimens were re. 
moved adjacent to the thermocouple. 


19. A melt of low carbon iron was made in the induction 
furnace, heated to 2850°F. and cast at 2700°F. into these molds, 
part ‘‘as-melted’’ and part inoculated with 85 per cent ferro-silicon. 
The analyses of the respective portions were: 

TC.%  8i.,. % Mn., % S., % P., % 
RA TERE sc ecéeces 2.28 2.59 0.84 0.17 0.16 
ERIOCUININE sts cccesns 2.12 3.59 oe or 

20. The cooling curves of the quenched specimens are shown 
in Fig. 9. The uninoculated bar A was quenched at 2010°F. 
which was above the eutectic temperature. Microexamination 
showed it to be entirely white with the carbide around the primary 
dendrites. 
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Fic, 11—(Top Lerr)—INocuLaTep SpEc- 
IMEN “C”, QUENCHED 17°F. BeL_ow Its 
Evrectic TEMPERATURE, UNETCHED, x100, 
(Top Rigut)—Same, ErcHep witH 2.0 
PER CENT NitaL, x250. (Borrom)— 
CoMPANION Bar To SpecimeN “C”, 
CooL_ep 1n Sanp Core, UNETCHED, x100. 


‘ 


21. Specimen B, likewise 


‘as-melted,’’ was quenched just 
16°F. below its eutectic temperature and this specimen was also 
white as shown in Fig. 10—Left. The carbide was arranged in 
massive and eutectic form around the primary dendrites which 
became martensitic on quenching. Only a few very small points 
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of graphite were found around some of the carbide grains and 
these must have occurred after the quench. 


22. A companion uninoculated bar, cooled in the sand core 


to room temperature, was entirely gray and the graphite was in 
a dendritic pattern as shown in Fig. 10—Right. The carbide that 
criginally formed in this iron during solidification very obvious); 
decomposed to graphite and iron in the solid state on cooling. The 
bar had a hardness of 257 Brinell and a tensile strength of 43,000 
lb. per sq. in. 


23. An inoculated bar C, quenched 17°F. below its eutecti 


temperature, was completely gray and the graphite was in flake 
form as shown in Fig. 11—Top Left and Right. This graphite 
must have formed directly from the liquid as portrayed by Boyles 
A companion bar, cooled in a sand core, had the same graphite 
structure as the quenched bar as shown in Fig. 11—Bottom. It 
had a hardness of 268 Brinell and a tensile strength of 63,400 
lb. per sq. in. 


24. A second inoculated specimen D had been cast simul- 
taneously with specimen C and, with the C specimen couple for 





Fic. 12—(Lerr)—Inocu.atep Specimen “D”, QuENCHED 12°F. ABove Its Eutectic TEx 
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mtrol, was quenched from about 12°F. above the eutectic tem- 
perature. It was found to be mottled. In the central area, the 


iron was gray but the graphite was very fine and arranged in a 
dendritic pattern as shown in Fig. 12—Left. Nearer the edge of 
the bar, a mixture of eutectic carbide and fine graphite was found, 
as shown in the lower part of Fig. 12—Right. Obviously, the 
eutectic in this bar froze as iron-carbide but the urge to graphitize 


was so great that, in the central areas, the carbide decomposed on 
wling after solidification to the dendritic form shown in Fig. 
12 Left. 


25. Further evidence that the inoculated irons freeze directly 
n the iron-graphite system in the complete absence of carbide as 
, temporary phase, is shown in the upper part of Fig. 12—Right, 
which was taken just 0.05-in. from the edge of the inoculated 
specimen D. There was, of course, a gradient temperature across 
the bar at the time of quenching, and while the center of the 
specimen was above the eutectic, a rim near the surface had com- 
pletely frozen. The upper part of Fig. 12—Right reveals the con 
ditions existing just at the time of completion of freezing in 
this zone. Flake graphite has formed completely free of carbide 
The carbide phase appears sharply as a structural element, next 
to the dendritic graphite showing the two steps that have oceurred 
n the freezing of the two different eutectics; the first on normal 
cooling of the bar and the second during the quench. 


26. The above observations were checked in quenched speci- 
mens from another low carbon melt containing 2.05-2.50 per cent 
silicon. 


27. The results of this research are very revealing and clarify 


much of the mystery surrounding ladle inoculation and dendritic- 
graphite structures. Inoculated irons, and irons having random 
flake graphite, freeze in the stable iron-graphite system. Irons 
containing fine graphite in a dendritic pattern, obviously freeze 
in the metastable iron-carbide system and later graphitize in the 
solid state. 


28. It will be recalled that the eutectic arrests of the unin 
oculated irons in Fig. 6 were longer than in the case of the inocu- 
lated irons. The heat of fusion of white iron is greater than for 
gray iron’. Consequently, since the dendritic irons froze originally 
as white irons, they would evolve a greater amount of heat. These 
results then confirm the findings on the quenched bars 
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29. The existence of the stable graphite and the metastable 
carbide systems has been a highly controversial subject due to 
the experimental difficulties involved in proving their occurrence, 
After his very thorough review of the literature on the subject, 
Epstein’ concluded that, while there were several indications of 
the existence of the two systems, definite proof had not been given, 
The chief source of trouble had been due to the need for varying 
considerably either the composition or cooling rates to secure the 
two different final products. 


30. By conducting thermal analyses on a specimen repeat- 
edly heated and cooled through the eutectic temperature at a rate 
of about 0.13°F. per sec., Ruer and Goerens® observed arrests on 
heating at 2095°F. and 2107°F. which were believed to be the 
earbide and graphite eutectic temperatures respectively. Their 
iron contained 2.5 per cent carbon, 0.025 per cent phosphorus and 
0.0012 per cent sulphur. Utilizing the same method, Kase and 
Honda‘ found arrests at 2107 and 2111°F. for an iron of like 
composition ; however, they concluded that this temperature differ- 
ence was due to the difference in velocity of melting of the two 
systems. The close proximity of the temperatures made diffienlt 
the proof of establishing the two eutectics. 


31. By taking advantage of the effects of ladle inoculation, 
it has been possible to secure demonstrations, at will, of the differ- 
ences in solidification of the two systems in fairly-slow-cooled, 
heavy castings of practically the same composition. It is believed 
that the 36 to 70°F. difference in eutectic temperatures, shown in 
Fig. 6, is more representative of the difference between the graphite 
eutectic and the carbide eutectic temperatures, particularly in cast 
iron, than the above 4-12°F. reported in the above investigations. 


32. The fine graphite observed in the uninoculated irons, 
such as Fig. 10—Right, frequently has been called eutectie graphite 
and indeed some proponents of the iron-graphite system have con- 
sidered it as evidence of the graphite eutectic, due to its character- 
istic structure; however such nomenclature is wrong, since it 1s 
the result of a solid reaction. The true eutectic graphite is the 
coarser flake. 


33. Certain investigators’ * in trying to establish the mech- 
anism of graphite formation in gray irons, have quenched irons 
just after solidification and upon finding them white, concluded 
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that graphite formed only in the solid state. One ean be certain 
now that these conclusions apply only to irons of the specific type 


of iron with which they were dealing. 


GRAPHITE NUCLEATION 


34. The change in the mechanism of freezing from the ear- 
bide eutectic to the graphite eutectic by ladle additions suggests 
quite strongly that this treatment produces a number of nuclei 


that serve to initiate the separation of graphite from the liquid 


and produce the random flakes. The nuclei could be graphite and 
perhaps other inclusions that separated from the melt at the proper 
time. 


35. To investigate the possibility of nucleation with graph 
ite, an induction furnace melt containing 2.50 per cent earbor 
and 2.65 per cent silicon was treated in different ways with graph- 
ite. It was found that the addition of 0.05 per cent graphite to the 
ladle had only a slight effect on the structure and strength, as 
shown in Fig. 13. However, upon adding 0.05-0.1 per cent graphite 
to the arbitration bar mold during the pouring, the strength 
was raised from 43,000 lb. per sq. in. to 49,000 Ib. per sq. in. and 


flake graphite was produced. 


36. While the arrangement of the graphite in the last ex 
ample was not the best possible, these results show that the addi- 
tion of a small quantity of graphite dust at the proper time will 
produce nucleation. It is entirely possible that late ferrosilicon 
additions produce a shower of minute graphite particles in the 
ladle due to localized silicon concentrations reducing the carbon 
solubility. One would expect that, according to such a theory, the 
nuclei would dissolve and the effects of inoculation wear off with 
time. This is exactly what happens. We find that the effect dis- 
appears in 10-20 min. in iron heated in the induction furnace 
Crosby and Herzig* report that the effect of inoculation disappears 
in about 15 minutes. 


37. The mere addition of a cold metal to a ladle of molte1 
iron, which might have an effect on the primary crystallization, is 
not sufficient to produce graphite nuclei. A demonstration of this 
was made by adding one per cent nickel in the ladle to a portion 
of an induction furnace melt and determining the cooling curves 
of the treated and untreated 3-in. castings as previously described 
The curves are illustrated in Fig. 6 under Melt V. The eutectic 
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temperature of the alloyed part was only 7°F. higher than the 


untreated casting, and the graphite in the nickel iron was den- 
dritic but of slightly coarser flake. The shorter duration of the 
eutectic arrest of the alloyed part was due to its lower earbon 
content and lesser amount of eutectic. 


38. These results also show that the ladle addition of a small 
quantity of an element which has a strong overall graphitizing 
action may not act as an inoculant. Since about 22 per cent 
nickel® is required to lower the iron carbon eutectic by one per 
cent carbon, it is very unlikely that highly concentrated zones of 
hypereutectic iron are formed when a small quantity is added in 
the ladle. Consequently, graphite nuclei are not produced in the 
liquid to set-off the graphite eutectic in low earbon irons. The ac- 
tion of nickel in reducing chill in these irons is to produce second- 
arv graphitization of eutectic carbide in the solid state. 


CONCLUSIONS 


39. From the above investigations, the author has reached 
following conclusions: 


1. There is a consistent relation between the graphite 
structure and properties of high test cast iron. Low carbon 
irons, having randomly distributed flake graphite, possess high 
strength, whereas irons with fine dendritic graphite have low 
properties and high chill forming characteristics. 

2. Gray irons, having fine graphite in a dendritic pat- 
tern, solidify in the metastable iron-carbide system as white 
irons. The eutectic carbide subsequently decomposes in the 
solid state to form iron and graphite. 


3. Ladle inoculated gray irons, having random flake 
graphite, solidify in the stable iron-graphite system. The flake 
graphite forms during the freezing of the graphite-austenite 
eutectic. 


4. The iron-graphite eutectic temperature was found to 
be 36 to 70°F. higher than the iron-carbide eutectic in slowly 
cooled heavy section gray iron castings. 


5. It is believed that inoculation produces graphite nu- 
clei which cause the iron to solidify in the iron-graphite system. 
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DISCUSSION 
Presiding: R. G. MCELWEE, Vanadium Corp. of America, Detroit, Mich. 


R. A. CLARK! (Written Discussion): We, in industrial production, 
usually have neither the time nor facilities to do this type of work. 
It is being left to research institutions, such as those maintained by the 
alloy suppliers. Its prosecution is gradually removing a great deal of 
the mystery from the complex family of alloys we call gray cast iron. 
The entire foundry industry is reaping the benefits. 


When we compare the cooling curves of Fig. 6, for irons of sub- 
stantially the same chemical analysis, we are enabled to more readily 
understand the sometimes almost inexplicable variations in shrinkage 
behavior occasionally encountered, which cannot be explained by analysis 
variations. 


Has the author obtained any figures as to relative fluidity of 
abnormal structure irons compared to inoculated irons of the same 


1 Metallurgist, Lakey Foundry & Machine Co., Muskegon, Mich. 
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general analysis? The demonstrated difference in the freezing process 
of the two types of iron would lead one to expect quite a variation. 


I also would like to ask the author the aluminum content of the 
85 per cent ferrosilicon used for inoculation in these experiments? Have 
errosilicons of various aluminum contents been compared? It is quite 
, normal thing to find aluminum in the neighborhood of 2.00 per cent 
in alloys of this silicon content. An inoculating addition of 0.50 per cent 
silicon would carry with it an aluminum addition of 0.235 lb. per ton 
of iron and might have quite an effect on the structure. It has been the 
writer’s experience that ferrosilicons of abnormally low aluminum con- 
tent are not very efficient when used as a ladle addition for chill 
reduction. 


C. O. BuRGESS? (Written Discussion): This paper has extended our 
knowledge as regards the mechanism by which ladle additions of graph- 
tizers improve the structure and physical properties of cast irons. It is 
rather unfortunate, however, that most of the irons discussed are low 
in carbon. Our own work has definitely shown that a very material 
mprovement in physical properties as well as chill resistance also can 
e obtained by ladle additions to irons containing carbon contents of 
}.00 per cent to 3.25 per cent. In the specific case of a 3.10 per cent 
carbon, 1.80 per cent silicon cast iron, tensile strength was increased 
approximately 20 per cent, the transverse strength about 40 per cent 
and the deflection 70 per cent by use of an inoculation treatment. The 
chill depth exhibited by the inoculated iron was approximately 40 per 
ent of that shown by the untreated iron of similar final analysis. To 

tain maximum benefits from a ladle treatment, the higher carbon 
ase irons should contain a relatively low silicon content previous to 
the ladle additions. 


It also is noted that the author’s inoculated irons contain appreci- 
ably higher silicon than his “as melted” irons. It might be well to point 
out that an equally marked improvement in properties and decreased 
chilling tendency are shown by inoculated irons when they are com- 
pared to “as melted” irons of the same final silicon content. In addition 
to the improved graphitic structure, ladle inoculation produces a very 
considerable refinement in the solidification pattern, i. e., in the network 
visible to the naked eye when a section of cast iron is ground and lightly 
etched. This furnishes a convenient test of the effectiveness of the inocu- 
lation treatment. The notation on page 6 relating to the advantage of 
using ladle inoculation with carbide-forming elements should be empha- 
sized. We have found, for example, that by the combined use of chro- 
mium additions and ladle inoculation, high strength irons with unusually 
high impact values can be obtained and that these irons are resistant 
to chilling. 


The paper is limited to a discussion of the effect of inoculating with 
ferrosilicon and nickel plus silicon. It might be well to note that, al- 


_ ® Metallurgical Engineer, Union Carbide & Carbon Research Laboratories, Inc., 
Niagara Falls, N. Y. 
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though satisfactory results often can be obtained with straight silicon 
additions, experimental work has shown that the uniformity and effec- 
tiveness of the inoculation treatment can be increased materially by the 
use of more complex graphitizing alloys. This has resulted in the devel- 
opment of a considerable number of special graphitizing alloys of which 
the silicon-manganese-zirconium alloy is typical. The effect of the 
inoculation treatment does not appear to wear off as rapidly on holding 
the molten iron, when such complex graphitizing alloys are employed. 
Eash has advanced the theory of gradual solution of nuclei in the molten 
iron to explain the wearing off of inoculation effects. In this regard, it 
might be noted that the most effective graphitizers are also strong 
deoxidizers and, therefore, the possibility of reoxidation of the molten 
iron on standing might also be considered. 


CHAIRMAN MCELWEE: I think that point is very important, because 
in our own experimental work, we have found that the silicon in an 
inoculation alloy does not seem to be as important as some other com- 
pounds in the alloy. In other words, a beautiful job of inoculation has 
been done with alloys rather weak in silicon and which we think do not 
disturb the solubility of the iron for carbon to any great extent. So I 
think if Mr. Burgess would like to enlarge on that right now, after 
hearing this, we will be glad to hear from him. It seems to me that, 
whether it is oxidation or what it is, it is very important and that it 
probably is not all a matter of throwing carbon out of solution. 


Mr. Burcess: The idea that local concentration areas of silicon 
are produced by ladle additions of silicon alloys and that these areas 
are responsible for the graphitization of ladle-treated cast iron, is 
rather hard to visualize. This is particularly so in view of the fact 
that the silicon brought in by the ladle addition is uniformly diffused 
throughout a casting at least from a chemical analysis standpoint, and 
this diffusion must occur while the iron is still molten. Complete diffu- 
sion of silicon following the inoculation treatment also is indicated by 
the uniform graphitization of the entire section even of a large casting. 


MAX KUNIANSKY?®: We have been using zirconium silicide and ferro- 
silicon as late additions, and I got the idea that this was sort of a 
chemical reaction and, like all chemical reactions, you had to consider 
miscibility, time of contact, temperature and concentration. So we 
bought a small electric furnace with a view to adding these late addi- 
tions in the molten state. We were disappointed. They do not work 
as does the solid, powdered addition. 


We have not found, with the zirconium silicide, the effect to wear 
off in a relatively short time. Of course, that is a relative situation. 
In fact, we follow the practice in gray iron castings to hold all our 
inoculated irons—and they all are inoculated—a minimum of 7 min. 


We are concerned with what we are pouring. Most of our work is 
heavy section work. We have not dissected our findings to determine 
just which of the procedures gives us the result. 


General Manager, Lynchburg Foundry Co., Lynchburg, Va. 
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J. T. EASH (Author’s Written Closure): In reply to Mr. Clark’s 
nquiries, we have not made comparisons between the fluidity of un- 
treated and inoculated irons. 


I do not know the aluminum content of the ferrosilicon used in these 
tests; however, other comparisons have been made with ferrosilicon 
containing 0.15 and 1.00 per cent aluminum and both were effective 
inoculants. 


In regards to Mr. Burgess questioning the use of low carbon irons 
for the present investigation, it was pointed out in the text that 2.26 
per cent carbon irons were used to accentuate the inoculating effect. As 
much as 95 per cent increase in strength has been obtained in such 
irons as compared to the 20 per cent increase for a 3.10 per cent carbon 
iron quoted by Mr. Burgess. The graphite in uninoculated low carbon 
irons is arranged distinctly in a dendritic pattern and after inoculation, 
it is in a random flake pattern. Having two such distinct patterns avail- 
able at will, it was possible to demonstrate unquestionably that they 
froze in the meta-stable and stable systems respectively. On the other 
hand, uninoculated high carbon irons usually have = mixed structure 
and it would have been impossible to obtain as sharp a distinction be- 
tween the two systems of freezing as was obtained with low carbon irons. 


When a ladle addition of ferrosilicon is made, it is very likely that 
high concentrations of silicon exist in the iron immediately adjacent to 
the added particles so that the solubility of carbon in this liquid is 
momentarily exceeded and hypereutectic graphite precipitated. These 
graphite particles would then diffuse throughout the molten metal. By 
the time the iron is poured, the silicon content of the melt probably 
would be uniform, but the graphite particles would remain and nucleate 
graphitization of the eutectic. Since the iron is continually decreasing 
in temperature after the addition, the nuclei have no great urge to 
re-dissolve. 


When the effects of the common metals on cast iron are considered, 
the evidence is overwhelmingly in favor of graphite nucleation being a 
basis for inoculation rather than deoxidation. Consider aluminum for 
instance, one of the most powerful deoxidizers; the addition of 0.05- 
0.20 per cent, the latter far in excess of that required for deoxidation, 
does not produce the effect of 0.5 per cent silicon. Chromium is a mild 
deoxidizer, but the addition of it produces carbides and not graphite 
inoculation. 


“As melted” irons, starting with 2 per cent carbon and 3 per cent 
silicon which freeze in the iron-carbide system, graphitize in the solid 
and have a dendritic pattern. By increasing the carbon content of the 
charge to around 2.8 per cent or the silicon to 5.4 per cent, the irons 
will freeze in the iron-graphite system without inoculation. Based upon 
Chipman’s work, this increase in carbon or silicon will not change the 
oxide content of the bath. While the addition of 1 per cent nickel is 
insufficient to eliminate dendritic graphite, the addition of 10 per cent 
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nickel will change the freezing mechanism from the carbide system to 
the graphite system. 


When all these factors are considered, it is impossible to correlate 
them on a basis of deoxidation, but their effects can be explained o: 
the basis of their relation to graphitization. Inoculation temporarily up- 
sets the normal conditions and causes the iron to freeze similar to an 


iron initially of higher graphitizing power. 


It would seem that Mr. Kuniansky’s experience with the ineffectiv: 
ness of molten ferrosilicon additions would confirm the proposed theory 
of graphite nucleation. Upon making the molten addition, the silicon 
diffused rapidly and did not have an opportunity to build up localized 


concentration gradients such as would be possible when solid particles 


are added 








Copper-Silicon-lron Bronzes—Their Foundry Qualities 
and Physical Constants 


By E. G. JENNINGS* AND Harotp J. Roastt, Montrean, P. Q., 
CANADA. 


Abstract 

Silicon bronzes are becoming increasingly important not 
only in industry but in national defense. Therefore, any 
information concerning the proper founding of such alloys 
is important. In this paper the authors give very complete 
information not only on the melting, molding, gating, riser- 
ing and pouring of copper-silicon-iron bronzes, but also on 
the physical properties of the alloys. Of special interest 
is the weldability of these alloys and the authors give the 
results of welding experiments which show that, by proper 
technique, it is possible to weld copper-silicon-iron alloys 
satisfactorily and to secure physical properties on the 
welded material which are 98 per cent of the ultimate 
strength of the cast material. In the section on properties, 
they not only define the various properties listed but give 
the effect of such added elements as zinc, lead and alu- 
minum. They also discuss the effect of varying the 
percentage of copper with the amount of hardener. In 
addition to the physical properties, the bearing, acid resist- 
ing and cavitation characteristics are given. It is pointed 
out that these copper-silicon-iron alloys are gradually re- 
placing the tin bronzes because of the eminent shortage of 
tin, or its high price, and because these bronzes have 
superior physical properties, are better for pressure cast- 
ing and the metal cost is not increased. It is interesting to 
note that copper-silicon-iron bronze castings are now 
specified by the U. S. Navy, British Admiralty, Royal 
Air Force, British Munitions Board and the Royal 
Canadian Air Force. 


1 The increasing use of silicon bronzes in many important 


* Metallurgist and +Vice President, Canadian Bronze Co., Ltd. 
Note: This paper was presented before a Non-Ferrous session at the 45th Annual 
F.A. Convention, New York City, N. Y., May 13, 1941, 
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fields of industry, National Defense, and war contracts, has made 
f their foundry qualities 
and their typical physical properties. The present paper will 


necessary more complete understanding 


describe the general methods used in the production of the copper- 
silicon-iron castings in either green or dry sand molds, including 
some examples having an additional element added for some specia] 
reason. An outline will be given of melting, molding, gating, 
risering, and pouring of the alloys, followed by a summary of their 
physical properties and uses 

2. In view of the present world conditions, resulting in the 
uncertainty of an adequate supply of tin and the possibility of 
soaring prices, coupled with the heavy demands of bronze by the 
war industries, the copper-silicon alloys are gradually replacing 


the tin bronzes. 


3. The silicon bronzes have superior physical properties, are 
better for pressure castings, and the metal cost is not increased. 
Castings of the copper-silicon-iron bronzes are now specified by the 
United States Navy Department, the British Admiralty, the Royal 
Air Force, the British Munitions Board, and the Royal Canadian 
Air Force. 


1. Representative chemical specifications lie between the fol- 


lowing requirements : 


Ordinary Structural Castinas 


Silicon, per cent........... 1.4 to 4.0 
SPOR, WOT GUE. co i. sce ccess 0.5 to 3.0 
eee ee ee Not more than 4.0 
Manganese, per cent....... Not more than 1.5 
Phosphorus, per cent...... Not more than 0.2 
Copper, per cent.......... ltemainder 


Other ingredients, per cent.. Not more than 0.15 


For bell metal, or bearings for extreme loads, such as turn-table 
bridges, silicon is raised to the neighborhood of 8 per cent and 
the iron to 3.5 per cent, the other elements remaining the same. 
Silicon-manganese bronze also can be made, having similar physieal 
characteristics to the high and low manganese bronzes. 


5. The important alloying agent is silicon which, in the 
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amounts used, enters into solid solution with the copper’. In the 


ease of copper-silicon-iron bronzes, the iron is found as a separate 
constituent, probably silicide of iron. As quoted by H. W. Gillett, 
‘According to Brice, the solubility of iron in the alpha copper- 


silicon alloy is very low. According to Kinzel, the properties of 
P.M.G. probably are due to separation of an iron silicide.’’ 


6. The development of the alloys contained in this paper was 
carried out in England by the Vickers Company under patent 
protection, and the marketing has been carried out under the trade 


name of P.M.G. 


MELTING PRACTICE 


7. For the alloys under discussion, the foundryman is sup- 
plied with a hardener in small ingot form ready for alloying with 
copper. The addition of from 1 to 40 lb. of this hardener to the 
copper, covers almost every bronze from high conductivity copper 
to that of bell metal and high compression alloys, not excluding 
silicon-manganese bronze. The alloys can be melted in ordinary 
natural or foreed draft pit-fired furnaces, indirect-are electric 
furnaces, and oil furnaces of the revolving type. (They can prob- 
ably be melted in any standard type of furnace, but the authors 


have only tried the ones mentioned. 


8. The hardener is brittle and can be broken quite easily into 
small pieces. For photomicrographs of the hardener, see Figs. 9 and 
10. If melting in pit-fire furnaces, the procedure that has been 
found to give the best results is as follows: Place sufficient ordinary 
bottle glass, free from lead, into a clean, red-hot, graphite crucible 
to subsequently form a suitable cover. Then charge alternate layers 
of copper (in ingot, anode, or trolley wire form) and small pieces 
of the hardener, until the erucible is full. Be careful to see that 
no metal is high enough in the crucible to prevent the close-fitting 
of the crucible bottom, which is used as a cover. As the charge 
melts down, additional copper and hardener are added until the 
charge is complete. The copper should not be first melted and the 
hardener added later. If this is done, the copper oxidizes to a 
greater extent than the hardener is capable of rectifying. If melt- 
ing in the indirect-are electric, or oil furnace, it is still very 


Smith, C. S., “Silicon-Copper Constitutional Diagram,” A.1.M.E, (1930) 
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desirable to have a good cover of glass, the copper and the hardener 
being charged together as in the case of crucible melting. Over- 
heating has not been found to be inimical to these alloys, but for 
economic reasons, over-heating naturally should be avoided. 


9. Graphite crucibles should be used, and ladles should have 
firebrick linings. These alloys are no more erosive on crucibles than 
ordinary bronze. 


Effect of Remelting 


10. Remelting does not produce inferior physical results or 
unsound castings. The only necessary addition in using remelt 
scrap in the form of gates, risers, etc. is about 3 oz. of 15 per cent 
phosphor copper to each 100 lb. In our foundries, it has been a 
common occurrence to use 100 per cent remelt. 


11. Tests have been made remelting the metal six times and 
in each case, sound castings were produced and satisfactory physical 
results obtained, the chemical analysis showing a slight loss in 
silicon and a slight increase in iron. 


MoLpING PRACTICE 


12. The copper-silicon-iron alloys are all very fluid and high 
pouring temperatures are not needed. It is not necessary that the 
molds be rammed hard and no wet swab of graphite is advisable, 
although a dry coating of graphite may be used. 


Sanp UsEp 


13. For these alloys, a fairly open sand should be used. For 
small castings, green sand to A.F.A. classification 1-F is quite 
satisfactory. The moisture content should be between 5.5 per cent 
and 6.5 per cent. The authors used Albany sand, A.F.A. classifica- 
tion 1-F. Castings of complicated design and heavy cross-section 
should be made in dry sand. If wet sand is used for green sand 
molds on a fairly heavy cross-section, or if there is excessive 
swabbing in the same connection, the casting will be found, upon 
machining, to have an outer layer of soft brick-dust material, very 
different to the true metal beneath. 


CoRES 


14. Any good core sand mixture is satisfactory, providing 
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it has plenty of permeability and is sufficiently soft to take care 
of heavy shrinkage areas of the mold. 


GATING 


15. While the copper-silicon-iron alloys do not have anything 
like the problems of high shrinkage associated with manganese 
bronze, aluminum bronze, etc., nevertheless, it is wise to consider 
them as half way between gun metal and manganese bronze. In 
this connection, the authors feel that frequently not sufficient 
attention is paid to the elimination of shrinkage areas even in such 
ordinary alloys as eighty-five and three five’s, gun metal, ete. 


16. Top pouring through basin and strainer gates, as per 
Cartwright and Brisbois*, has been used in large castings such as 
turbine runners, large pressure discs, ete., and has been found 
satisfactory. Figure 1 shows gating through large riser. This 
runner weighed 500 lb., and after machining and subsequent use, 


was entirely satisfactory. 


17. The solidification range of these alloys is narrow and, 


Fig. 1—Metruop or GaTiInGc 500-LB, Tursine RuNNER THRouGH Larce Riser. 


? Brisbois, C., and Cartwright, A. E., ‘“‘Risers or Gates for Some Special Non-Ferrous 
and Alloyed and High Test Iron Castings,” Transactions, American Foundrymen's 
Association, vol. 46, pp. 219-256 (1988). 
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therefore, feeding provision must take care of this, which tends 
in the direction of fast pouring. The shrinkage from the liquid 
to the solid state is between that of manganese bronze and gun 
metal. 


RISERING 


18. As in all cases, risers should be of sufficiently large cross. 
section so that the riser is the last metal to freeze. The riser should 
taper outward from the casting one-in. in 10-in. At the junction of 
the riser to the casting, generous fillets should always be provided. 
The area of the base of the riser should be as large as any cross- 
section which it is expected to feed. The height may be roughly 
determined by the factor 1.6 times the diameter of the riser if it is 
evlindrical, or the mean of the two sides if it is rectangular. 


POURING PRACTICE 


19. Large castings as a rule should be cast between 1900 and 
2000°F. and small castings from 2050 to 2200°F., bearing in mind 
that the really important temperature is not that of the metal enter- 
ing the mold but the temperature gradient within it. The pouring 
temperature is merely an arbitrary means of attaining the optimum 
temperature gradient. All risers should be kept liquid until the 
casting itself has solidified, either by hot metal poured directly 
into them as soon as the casting proper is filled, or by top pouring 
through the riser when the strainer gate keeps the top from cooling, 
and wherever feasible, covering the riser metal with graded 
charcoal. 


CLEANING AND FINISHING 


20. As these alloys are easy on both green and dry sand, 
cleaning is no foundry problem. Gates, sprues, ete. can be sawed 
off with suitable power saws or removed by sprue cutters, high 
speed flexible wheels, ete. Copper-silicon-iron bronze castings 
should have a very smooth skin and pleasing appearance. 


MACHINABILITY 


21. The copper-silicon-iron alloys are machined readily in a 
similar manner to mild steel, gun metal, or other non-leaded 
bronzes. According to Bedworth and Weaver’, ‘‘Tools should be 





8’ Bedworth, H. A., and Weaver, V. P., “Castings of Copper-Silicon Alloys,” Tran- 
sactions, American Foundrymen's Association, vol. 44, pp. 193-210 (1936). 
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high-speed steel with cutting angle similar to that used on brass 


except that turning tools should have slight top slope.’’ By adding 


0.5 per cent lead to these alloys, they will be found to machine 
like ordinary brass machine stock or steam metal. This addition of 
lead somewhat reduces the physical properties, as will be noted in 
the physical constants given later. However, in cases where pro- 
duction machining is ‘‘the sine quae non,’’ the addition of lead 
will be found to more than counter-balance the slight drop in 


strength. 


WELDING TECHNIQUE 


22. The copper-silicon-iron alloys are readily welded with rods 
r electrodes of the same composition by the oxyacetylene and 
electric-are methods. They can be successfully welded to steel. In 
view of the growing importance of weldability of castings alloys, 
the following procedure, adopted by the authors for the copper- 
silicon-iron alloys they manufacture, is now described in detail 


23. The extruded rod electrodes of the composition, copper 84 
per cent, hardener 16 per cent, should be covered with sodium 
fluoride-borax flux. This requires a vertical furnace capable of 
heating a stainless steel tube of 314-in. in diameter, which tube is 
filled with the flux to a height of 14 in. 


24. The flux consists of 90 per cent fused, powdered borax 
sodium borate) and 10 per cent powdered sodium fluoride. These 
dry powders are well mixed and then poured into the stainless steel 


tube. 


25. <A suitable furnace, one which is well insulated and fired 
with gas and air under pressure, or better still, a resistance-type 
electric furnace well insulated and controllable to within plus or 
minus 20°F. Such a furnace may be kept at 1500°F. readily both 
at the bottom of the tube and throughout its height. 


26. The electrodes are immersed in the flux and slowly and 
carefully removed so that the flux runs down the rod and back 
into the tube. It is essential that the rod be held in as truly a 
vertical position as possible and over the center of the tube con- 
taining the flux, in order that the cooling may be the same all 
around and a coating of uniform minimum thickness obtained. The 
thinner the coating the better. No draft should be playing around 
the furnace, which would have a chilling effect. It is found that 
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the flux coating so made adheres sufficiently well to permit of 
packing in boxes, shipping, and subsequent use on the job. 


oO” 


27. If a eurved electrode is required, then the shape must 
be given to the rod before coating with flux, as bending of the 
flux coated rod in the cold causes the flux to split off. The flux 
generally gets black in color in the furnace and the coating runs 
from dark green to black where any thickness remains on the 
electrode. However, this does not appear to give any trouble in 
use. It is desirable to tap the bottom of the electrode on a piece of 
iron before using, in order to free it of flux at this point. It is found 
that this action will not cause the general cracking of the flux 
ecover, 


28. The voltage at the machine should be between 42 and 48, 
with the voltage across the are itself between 22 and 28. The 
amperage taken at the are should be 285. 


DESCRIPTION OF WELDING TESTS 


29. The following is a description of a welding test conducted 
by the authors: 


(1) Thickness of the test pieces—*4-in. The angle of 
cut on one side of each was 45°, giving a 90° oceluded angle. 
The overall width was 6-in. and the length about 6-in. The 
two pieces were separated about 1%-in. at the base of the ‘‘V”’ 
and a copper backing strip was placed beneath. 


(2) All welding was done with 4-in., flux-coated, copper- 
silicon-iron electrode 12-in. long, using reversed polarity, that 
is, the electrode being positive and the work negative with 
direct current. Straight beads, no weaving was used. The 
first pass ran down the center of the bottom of the ‘‘V’’ and 
joined the two plates. 


(3) Care was taken to fill the crater at the end of the 
pass going back two or three times if the crater had not been 
completely filled. 


(4) The work was then allowed to cool to a point that 
the hand could be placed on top of the blocks without being 
burned. The highest temperature reached by the work, as 
decided by a hole drilled into one of the plates, permitting 
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the insertion of a thermometer to within 14-in. of the 
was 250°F. 


(5) The weld bead was examined for: 


(a) Longitudinal or cross-section cracks. If any, 


these were all very minute and had a hairlike appearance. 
(b) For any sign of overhanging metal. 


If (a) or (b) were found to be present, the pass was chiseled 
to remove the same in order that the next pass might make 
a perfect joint. 

(6) When the work was cool, any slag deposited was 
gently removed with light chiseling and the job brushed 
with a wire brush to complete slag removal and leave every- 
thing clean. Sometimes a slightly greenish white smoky deposit 
forms over the pass. This brushes off easily. 


(7 Pass No. 2 is now made down one side of the bevel 
to the full length, care being taken again to fill up the crater. 
The work is allowed to cool, the pass examined for cracks 
and for overhanging metal, slag is removed, and if all is right— 


8) Pass No. 3 is made. This fills in across the ‘‘V.’’ 
In a similar manner, cooling each time and examining for 
eracks and overhanging metal each time, passes 4, 5, and 6 
are made, and on top of these passes, 7, 8, 9, and 10. It will 
be found that this will fill up the ‘‘V’’ and leave weld metal 
above the level of the plates. 


(9) No peaning was done at any time. 
(10) No pre-heating of the work was done at all. 


(11) In the application of the are, a pumping action is 
given to the electrode by the welder. 


(12) <A \-in. electrode is the best for test bar and large 
welding work. Smaller diameter electrodes may be used where 
there is little room in which to work. 


(13) It takes about ten, 4-in. electrodes 12-in. long to 
make a test bar as described, and about 5 hours of time. Of 
course, several bars could be made at one time as most of the 
delay occurs waiting for each bead to cool. 
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30. When welding cracked castings, it is desirable that, in 
chiseling out the crack, it be dished as much as possible. For 
example, on a depth of cut 1-in. thick, the metal should be removed 
in a manner to correspond to between 1 and 114-in. radius. It is 
important to avoid under-cutting, which may form a ledge for the 
occlusion of the flux and may also tend to cause over-hanging of 
the deposited metal. 


31. In the case of a thick, heavy cross-section cracked right 
through, it is better to chip half way and work on this side and 
then chip on the other side after the first side has been welded. 
Then weld the other side. This reduces the chance of the deposit 
cracking due to excessive working of the joint. 


Results of Welding Tests 


32. Table 1 shows the results of the welded test bars: 
Table 1 
I’RACTURE APPEARANCE 
Broken Internal Union oy 
China Blow Fissures Weld to 
Test Color Uniformity Fibrous Texture Holes In Weld Base Metal 


1. Uniform Buff Good No Yes None Slight Perfect 
2. Uniform Buff Good No Yes One Slight Perfect 
minute 


Physical Constants of Weld 


33. Strips of the welded plate, which had warped away from 
the bench when welded, were flattened out a little under pressure 
and then machined to 1%-in. thickness, thus removing top and 
bottom beads of the weld and leaving a specimen 6-in. long by 1-in. 
wide by 1%-in. thick. These specimens were pulled on the testing 
machine with the results shown in Table 2 


-. 


Conclusions from Welding Tests 


34. It is felt that this work evidences clearly that copper- 
silicon-iron alloy plate of the composition 80 per cent copper, 20 
per cent hardener, at least 34-in. thick, can be welded satisfactorily 
by the metallic are method, with extruded rod electrodes consisting 
of similar copper-silicon-iron alloy metal, 84 per cent copper, 16 
per cent hardener, providing that the electrodes are covered by 
dipping in the molten flux as described, and that voltages and 
amperages are as stated, and general procedure carefully adhered 
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Table 2 


PHYSICAL CONSTANTS OF WELD 


Per Cent 
Tensile ! ltimate* 
Yield Point, Strength, Elongatic Strenoth of 
Test lb. per sq.in. Ib. per sq. in. per cent Fracture he Cast Metal 
1. 30,500 41,820 3. Broke in weld metal. 87.5 


Had 2 streaks of slag 
in weld metal. 


36,400 47,200 3.5 Did not break in 98.0 
weld. Mere trace of 
slag areas. 


For comparison with weld strengths, as frequently quoted, where the extra weld 
metal over and above the welded parts is included, at least 10 per cent should be 
added to these percentage figures. 

to, including reverse polarity, by which is meant that the electrode 


is positive and the work negative, direct current being used. 


35. It is also felt that the evidence indicates that defective 
structures can be welded satisfactorily and that the welding of 
most of these structures is less difficult than the making of the test 
vars. It also was found that it was quite a simple matter to produce 
very unsatisfactory welds, having a large fibrous structure and 
heavy discoloration from dark brown and blue to black, if ordinary 
steel welding procedure is followed, or if the foregoing instructions 
are not carefully adhered to. Photomicrographs of typical welded 
ireas are shown in Figs. 2 to 8 inclusive in connection with which 


the captions are self-explanatory. 


PHYSICAL PROPERTIES OF COPPER-SILICON-IRON ALLOYS 


Di nition of Te rms 
36. Table 3 shows the physical properties of several composi- 
tions of copper-silicon-iron bronzes. An explanation of the terms 
used follows: 
3y Elastic Limit is meant the load carried by the 
specimen which, upon release, gives a permanent set of 
(.00005-in., or one division of the extensometer dial used 
0.1 Per Cent Proof Stress is taken as the permanent set 
of 0.002-in. on a 2-in. gauge length. 
Yield Point (by extensometer) is taken as an extension 


while the load is on, of 0.01-in. 
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Fic. 2—Cast 
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Fig. 8 
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SAME 


witH CarBon Arc, WELDING JUNCTION. ETcHED wITH 10 


AMMONIUM PERSULPHATE, X100. Nore INTER-PENETRATION. 





80 PER CENT CoppER—20 PER CENT HarDENER CoppER-SILICON-IRON 


PEK 


Ay 


LOY 


CENT 


SaME MarTertats as IN Fic. 2 Wetoen with Meratiic Arc. WELDING JUNCTION. 


UNETCHED, x100. Nore INTER-PENETRATION. 
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Fic, 4—80 PER cent CoppER—20 PER CENT HarpENER Copper-SILIcoN-Inon CasTING WITH 
AvroceNnous We.tp Area JuNcTION (CommMonty Ca.Lep “BurNiNnG-INn"), ETCHED WITH 
10 PER CENT AMMONIUM PERSULPHATE, X100. Note INTER-PENETRATION, 


Fic. 5—Avurocenous Weip Area REFERRED To IN Fic. 4. ErcHED wITH 10 PER CENT 
AMMONIUM PERSULPHATE, X100. Nore Gratn Size, Typicac or CHiLiep Castine. 
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Fic. 6—JUNCTION OF 80 PER CENT CoprpER-—-20 PER CENT HARDENER CoppeERr-SILicon-IRoN 

Artoy We.Lpep ro PLarn CARBON STEEL Piatre. UNETCHED, x100. Dark Line INbiIcATEs 

Narrow ZONE OF INTER-PENETRATION, SUBSEQUENTLY CONFIRMED BY GRINDING TEsT. Sreri 
is THE Warre Portion. 


Fic. 7—Stee. Piatre, as my Fic. 6, at Junction oF NorMat Steet with THat Just 
Bernc Arrecrep By Wewtpinc Heat. ErcHep WITH 2 PER CENT Nitat, x100. Note 
DIFFUSION OF PEARLITE ARFAS. 
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Brinell Hardness numbers refer to a load of 120 Kg. with 
2 mm. ball for 15 see. taken on inside of cross-section. 


The Izod Impact Value is for 120 ft.-lb. pendulum swing- 
ing through the usual are. 


Deformation Limit—The load sustained by the 1 sq. in. 
area cylindrical specimen 1-in. high when a reduction in the 
height of one-thousandth of an inch (0.001-in.) is made after 
the release of the load. Figure 12 shows the Standard Keel 
Block, from which the tensile test bars, Izod bar, and compres- 
sion cylinder were obtained and from which all the figures 
quoted in Table 3 were derived. The mold is dry sand with no 


coating. 


Fracture—Reference to fracture on the data sheet (Table 
3) refers not only to fracture of test bar but to fracture of 
full size keel bar. This fracture is uniform throughout and 
has no finer grain size at the outer edges nor larger grain size 
at the center portion, as seen by visual examination. 


37. From the foregoing results, it will be seen that the more 
hardener the higher the ultimate tensile stress and Brinell hardness 
and the lower the elongation and Izod impact. 


Fic. 8—Srem., as in Fic. 6, at Weipep Junction, SHow1nG STEEL JUNCTION AND 80 
PER CENT Copper—20 PER CENT HarpENER Copper-SILicon-IRon ALLoy, EtcHED WITH 2 
PER CENT Nita, x100. Stree. Is tHe Comp_ex Structure ARga. 
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38. Adding zine lowers the elastic limit, 0.1 per cent proof 
stress, yield point, ultimate tensile stress, and Brinell hardness, but 
the elongation and Izod impact are increased. 


39. It will be seen that 1 per cent lead decidedly lowers the 
physicals. In addition, white silicide of lead appears on castings 
A 0.5 per cent addition of lead meets machining requirements and 


avoids trouble. 


40. Adding 11% per cent aluminum to the 80 per cent copper 

20 per cent hardener alloy increases the elastic limit, 0.1 per 

‘ent proof stress, yield point, and Brinell hardness; the ultimate 

tensile, elongation, and Izod impact being lowered (See Figs. 9 
and 10). 


41. The addition of 2 per cent nickel slightly raises elastic 
limit, 0.1 per cent proof stress, Brinell, and deformation limit, 
while only slightly lowering other constants. 


42. The 70 per cent copper, 30 per cent hardener alloy dupli 
eates the 80 per cent copper, 20 per cent tin, but is superior in all 
the physicals, except the deformation limit and in this respect it 
is equal to the copper-tin alloy. 

43. It will be noted from the table that the compression tests, 
or deformation tests, follow those of the ultimate tensile, namely 





Fic. 9—Copper-S1Licon-IRon ALLoy HarpeNer, EtcHeD WITH 10 PER CENT AMMONIUM 


PERSULPHATE, x100. 





COPPER-SILICON-IRON BRONZEg 


Fie, 10—Same as Fic. 9 Bur x500. Large Wuire Crysrats ARE Soiip Sotution Iron 


ComrounD SURROUND BY Coprrer-Suicon Eutectic, 


Fic. 11—Casr 80 PER cENT CoprER—20 PER CENT HakpENER CoppER-SILICON-IRON ALLOY 
WITH 1.5 PER CENT ALUMINUM. ANaLysis No. 9 In TaBLe 3. ErcHED wiITtH 10 PER CENT 
AMMONIUM PERSULPHATE, x100, 
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the greater the hardener percentage, the less the deformation. It is 
noteworthy that aluminum does not decrease deformation but that 
nickel does. 


Wearing Properties (Bearing Properties) 


44. A series of tests were run to determine the bearing prop- 
erties of the copper-silicon-iron bronze, gun metal, and phosphor 
bronze. It was shown that copper-silicon-iron bronze, without lead, 
gave equal service. 


Acid-resisting Qualities 

45. In general, the copper-silicon-iron alloys are superior to 
regular tin bronzes, even including leaded bronzes. 
Cavitation Tests 


46. After most thorough investigation, reliable authorities 
give data showing definite superiority of copper-silicon-iron- 
bronze. 


Photomicrographs of Copper-Silicon-Iron Alloy 


47. Photomicrographs shown in Figs. 13, 14, 15 and 16 are 
characteristic not only of alloy composition No. 1 on the data 
sheet, Table 3, representing 80 per cent copper, 20 per cent hard- 
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Fig. 18—Cast 80 per cI CoprER——20 PER <¢ HARDENER, FINE-GRAINED, CoppER-SILICON 
ron At.Loy TEst AR ¢ Composirion No. 1, Tasite 38, ErcHep witTH 10 PER CENT 
AmmMonruM PERSULPHATE, x100 CHARACTERISTIC SOLID SOLUTION WITH INDICATION oF 


( MPOUND 


Fie 4—Iron Compounp Sotm Soturion CoNnstTiruENT tN Copper-StLicon-IRon ALLOY, 
UNETCHED, X100. 
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Fic. 14, UNercHep., x500 


ner, but also of alloys 2 to 10 inclusive, the amount of solid solu- 


tion iron constituent varyine in quantitv but apparently not in 
a | . t 


‘omposition. The lead particles in alloys 7 and 8 were indicated by 


black dots representing the usual spheroidal aggregates. 


a’ 


Fic. 16—Same Test Bar as IN Fic. 18, SHow1nG SrRaIn LINES DEVELOPED oN EtcHING. 
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17—DirrerENcE IN Crystat S1zE Due to 50°F. Pourtnc TEMPERATURE. ALLoyYs 2 AND 
2-A, TaBLE 8. 


CONCLUSION 


48. The authors have endeavored to summarize their practi- 
eal experience of the past 7 years with the copper-silicon-iron 
alloys, and trust that the information contained herein may be 
found of some use to those who are brought in contact with these 


alloys for the first time. While in the early days, a certain halo 
of uniqueness was thrown around these alloys, it is felt that now 
they can be handled satisfactorily, if reasonable precaution is 
taken, in any well organized foundry. 
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DISCUSSION 


Presiding: JOSEPH SULLY, Sully Brass Foundry, Ltd., Toronto, Canada. 
Co-Chairman: E. F. Hess, Ohio Injector Co., Wadsworth, Ohio. 


HarRoLpD J. RoastT!: There is no doubt that in your country, and 
in ours, there is an ever-increasing amount of silicon bronze to be used. 
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Your own Navy is using very large quantities of it. The British Gov- 
ernment has put in silicon bronze as a substitute for gun metal, and 
that only occurred after many years of demonstration that, in the final 
analysis, silicon bronzes are superior to tin bronzes for many uses. That 
is fortunate, because I believe that you yourselves will find in the not 
very distant future that tin conservation, just the same as we have 
now the problem of aluminum and zine conservation, will become perti- 
nent. If that is so, you will want an alloy that does not require tin. 


I can honestly say to those of you who want an easy working alloy, 
that you have it here, providing you take ordinary precautions toward 
some slight increase in riser capacity. With this alloy you can produce 
in any foundry concordant and satisfactory results. 


E. J. METZGER*: What is the effect of nickel on this alloy? 


Mr. JENNINGS: In Table 3, we have used an alloy of 2 per cent 
nickel with 20 per cent hardener and 78 per cent copper. You will find 
that we get a higher elastic limit, proof stress and ultimate tensile. In 
fact, with the exception of the Izod impact, we get better results right 
straight through. The Izod impact drops a little when you add the 
aluminum. You get a much harder alloy. 


Mr. METZGER: We have had some experience with these alloys. In 
one class, we used nickel of much lower analysis than another class. 
When we tried to use up some of the first metal which contained about 
3 per cent nickel, it did not work. The fracture was not homogenous 
and it was very brittle. As we reduced our silicon, it became more a 
ductile metal. 


Mr. JENNINGS: Did you use the silicon-iron bronze? 


Mr. METZGER: It contained about 0.5 per cent iron. Probably this 
was low. 


Mr. JENNINGS: With this alloy, we got a very small homogenous 
fracture. In fact, from the fracture you would not know the nickel 
was there. Probably the iron had something to do with us getting these 
results. We have never tried it on the plain silicon-copper alloy. 


Mr. METZGER: This was silicon-copper-manganese. We noticed 
improvement as we reduced the manganese slightly. 


Mr. JENNINGS: And did you re-melt these alloys? 
Mr. METZGER: Oh, yes. 
Mr. JENNINGS: You probably dropped your silicon content then. 


Mr. METZGER: We finally did drop the silicon content and got a 
more ductile metal. 


*Canadian Bronze Co., Ltd., Montreal, Canada. 
?Falcon Bronze Co., Youngstown, Ohio. 
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Mr. ROAST I would like to ask the speaker if he used charcoa 


as a cover? 
Mr. METZGER We 
MR. ROAST hat 
Mr. METZGER jut we eliminated that, also. 
Mr. ROAST That as the cause when you used it. 


MEMBER Might I ask, has Mr. Roast, or any of those present 
had any experience with bronze in a normal high-speed melting induc 
tion furnace? It is impossible under those conditions to keep the cove 
on the bending strips. I would be pleased to know if any of the mem- 
bers have had any experience as to how to avoid excessive oxidation 


Mr. JENNINGS: We melted this alloy without a cover in the U.S 
revolving type furnace and got good results. The alloy is not susceptib] 
to scumming or a soapy condition due to turbulence in pouring. 


MEMBER I do not know that there is any difficulty as to textur 
[ am only getting precautions before trying induction melting 


Mr. ROAST We have probably someone in this meeting who has 
melted under the conditions of the induction furnace. I have not melted 
P.M.G. in that type furnace. Because of the characteristics to which 
Mr. Jennings has referred, namely the freely covering nature of th 


+ 


silicon which oxidizes, I should not expect a great deal of trouble be- 
cause, when this oxidation takes place, it does not give a large amount 
of dross. In the case of other alloys, when they oxidize, they give a lot 
of dross. Perhaps someone has actually melted it in the induction 


lurnace 


W. J. LAtrD®: We have not melted silicon bronze in an induction 
type furnace, but from the experience we have had in melting other 
alloys in such a furnace, the frequency of the furnace may have some- 
thing to do with the losses that are incurred on melting an alloy of the 
silicon bronze type. Regardless of the physical characteristics that might 
obtain from any given alloy, you cannot defeat the inherent oxidizing 
characteristics of the material. Silicon, with its affinity for oxygen, if 
offered the opportunity, will dross readily. Hence, in an induction type 
furnace where, if the frequency is high and the agitation is marked, 
the losses will be high. 


I am assuming it may have a parallel to manganese bronze with 
which many foundrymen are familiar. We have melted manganese 
bronze in a 60-cycle furnace in which the agitation is slow. You could 
almost follow it with the roll of your hand. 


We also attempted to melt it in a 5000-cycle furnace, which is prob- 
ably about the peak of the induction type frequencies. The losses in- 
curred on alloys which have readily oxidizable constituents in their 


* Westinghouse Electric & Mfg. Co., East Pittsburgh, Pa. 
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makeup, such as silicon or, in the case of manganese bronze, aluminum 
and zinc, seem to be somewhat of a function of the frequency of the 
furnace. It seems to me that silicon bronze could be melted with com- 
parative ease in a low frequency furnace. We have done considerable 
work with silicon bronze, the iron silicide particularly, but most of it 
has been restricted to the crucible type furnace where the agitation is 
approaching zero or thereabouts. The only movement is that due to 
temperature and the losses are not too far away from those alloys 
which do not contain readily oxidizable elements. It is my feeling that 
silicon bronzes would lend themselves fairly well to induction melting. 


If the particular furnace that you have available for melting has 
a high frequency of the order of three to five thousand, it might be 
advisable either to blanket the bath with borax or seal the furnace with 
some inert gas. The top pressure is not such that it would give any 
particular problem. 


B. A. MILLER*: Where you used 1% per cent aluminum, do you 
encounter any difficulty with that material? 


Mr. JENNINGS: No. 

Mr. MILLER: Do you have an increase in shrinkage? 

Mr. JENNINGS: Yes. A slight increase in shrinkage. 

Mr. MILLER: Do you have an increase in dross? 

Mr. JENNINGS: No; no different skin on the metal; no excessive 
dross at all. 

Mr. MILLER: Did you make castings with that alloy or just test 
bars? 

Mr. JENNINGS: We made test bars, no castings. 

Mr. MILLER: Did you notice any tendency towards cracks or 
checks? 

Mr. JENNINGS: There were no cracks in the test sections 

Mr. MILLER: Did you use, in addition to aluminum, another 
deoxidizer? 

Mr. JENNINGS: The usual 15 per cent phosphor-copper, no other. 

J. W. Foster®: The average foundryman, who is producing tin 
bronzes, will tend to fight the introduction of silicon bronze into his 


foundry. Will the authors tell us some of the precautions they recom- 
mend in using this alloy in the foundry producing tin bronzes? 


Also, we note that the test bar used does not coincide with the bar 
prescribed by the U. S. Navy. Would you expect any difference in the 
physical properties on the two bars? The results obtained on the gun 
metal are certainly lower than the average figure obtained on the U.S 
Navy type bar. 


‘Cramp Brass & Iron Div., Baldwin Locomotive Works, Philadelphia, Pa. 
Metallurgist, Ingersoll-Rand Co., Phillipsburg, N. J. 
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Mr. JENNINGS: We have poured some gun metal into U. S. Navy 
bars and we did not obtain much greater physical properties than for 
the keel block type. These figures are average and are not the highest 
figures. We have had higher results. We also have poured the U. S. 
Navy bar with the copper-silicon bronzes and gotten a little higher 
results, too. We have stuck to the keel block test bar. We are absolutely 
sold on it. We have taken two keel blocks poured at the same tempera- 
ture, machined the three bars of each, that is, the keel bar and the 
two side bars, and secured results within 500 to 1000 lbs. on all six 
bars. That sold the keel block to me. 


So far as silicon bronze in the tin bronze foundry is concerned, 
were you referring to tin-lead bronzes or just tin? 


Mr. Foster: Those bronzes where silicon would absolutely void 
the production of satisfactory castings. 


Mr. JENNINGS: In our foundry, we have tin-lead bronzes and sil- 
icon bronzes and there is no doubt about it, you have to keep the silicon 
bronzes isolated. If they are mixed up at all, the whole heat is scrapped. 
A little bit of lead in your P.M.G., one-half of 1 per cent, decreases the 
physical properties, but you get good, sound castings and they are very 
easily machined. But if you contaminate your silicon into the tin 
bronzes or tin-lead bronzes, you have trouble. 


. Foster: What do you do with the chips, sell them? 
. JENNINGS: We try to isolate them as best we can. 
Foster: You keep the silicon bronze chips separated? 


MR. JENNINGS: Definitely. We often get back mixed turnings. 
We melt them all up in the furnace, take a sample and do the best we 
can with them. You get into a lot of trouble by having silicon in the 
tin-lead bronzes. 


Mr. Roast: I might add that, with regard to this fear of con- 
tamination, one of your biggest electrical companies has used silicon- 
iron bronzes for about 6 years and, while they were using other alloys, 
they found it practicable to keep the products separate. It seems to me 
that in any foundry producing diverse products, you must have a system 
which permits you to keep them separate. We have other alloys contain- 
ing silicon which we have to isolate. As a last suggestion, this par- 
ticular company got over the difficulty by eliminating every kind of 
bronze, except manganese and the white metals, by using only the 
silicon bronze, 


MEMBER: The note on Figure 12, regarding only dry sand molds, 
is apparently indicative of foundry practice to be followed in the casting 
of these alloys. I wonder if we could have a little information regard- 
ing the coating of cores, moisture in green sand molds, etc.? 
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Mr. JENNINGS: The moisture in green sand is very important. 
You should never go over 6% per cent. Often in walking through the 
foundry, you will see the foundrymen swab lots of water on a 
graphite mold. That is very detrimental. On heavy sections, you get a 
coating of about % in. of a substance just like brick dust. We have 
run into this condition on several occasions. It is our practice on com- 
plicated castings and castings over 100 lb. to use dry sand. The reason 
for the dry sand on the test bar is so that we have a perfectly uniform 
mold at all times. We not only use it for the silicon bronze, but we 
use it for all our bronze test bars. 


MEMBER: What mold coating would you recommend? 


Mr. JENNINGS: Dry graphite, the thing we are afraid of is 
moisture. 


Mr. MILLER: I would like to add, on page 929, paragraph 44, in 
relation to that reference to the bearing properties of this material, I 
can cite quite a few instances where these silicon bronzes have replaced 
the 89 copper and 11 per cent tin alloy, and are giving very successful 
results. 


If you will look at the microphotograph of the P.M.G., you have the 
double phase. You have the silicide as your hard crystal and you have 


the alpha phase as your bearing material. The gear people are going 
headlong into the use of P.M.G. in gears. 


Mr. Roast: I would suggest you add 0.5 per cent lead to that 
P.M.G. for bearing purposes. We found that, when we had the P.M.G. 
without lead, that is, not more than 0.05 per cent, that frequently we 
did not get good results, particularly in sliding surfaces. However, we 
believe with the introduction of 0.5 per cent lead, you will get about as 
good results as if you have 2 per cent lead. We also believe it is bene- 
ficial in connection with other alloys. We would prefer 0.5 per cent lead 
added where the silicon bronze is to be used for bearing purposes. 


MEMBER: Has any physical test been made of this metal in salt 
water? I notice the chemical analysis shows up as high as 3 per cent 
iron. Does that have a tendency to rust in salt water? 


Mr. JENNINGS: We have run quite some tests on salt water cor- 
rosion on copper-silicon-iron bronze and, so far as we can determine, 
the copper-silicon-iron bronze stood up better than any of the other 
bronzes from salt water corrosion over a period of 3 months. This was 
a submersion test. 


Mr. MILLER: I would like to ask Mr. Roast one more question 
about this 0.5 per cent lead again. Would you care to add anything 
else to the P.M.G. to distribute the lead uniformly? 


Mr. Roast: I do not think we could hold it in solution. It does 
spread out very well, as the photomicrographs show. In the many exam- 
inations that we have made, the spheroids have been properly distrib- 
uted. You get your best bearing results from your lead. We have run 
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a lot of bearing tests on the wear machine at 20 million revoluti 
and we believe the reason why you can load the leaded material 
run it for 20 million revolutions without trouble, is due to the fact. 
however small the amount of lead is, it produces a fine film over the 
surface. We do not add anything to hold the lead because we alread, 
have the proper distribution. 


J. F. EpDNrIE®: Mr. Jennings, you make the single statement with 
regard to acid resisting qualities, that, “In general, the copper-silicon- 
iron alloys are superior to regular tin bronzes, even including leaded 
bronzes.” 


[ had occasion to run some tests in the sump of a coal mine in 
western Pennsylvania in which I tested, among other alloys, a silicon 
bronze somewhat similar to the analysis you show except that it was 
low in iron content. After 316 days of submersion in this sump, I was 
somewhat surprised to find that the silicon bronze alloy showed up very 
poorly. All of the regular tin and leaded bronzes that were tested had 
corrosion resisting properties superior to those of the silicon bronze. 
In view of this I am wondering whether your statement is not probably 
too all-inclusive. [ think it might be better if you would be more 
specific in stating which types of corrosion media, and the specific alloy 
tested, you refer to. 


The problem of corrosion is, to say the least, quite complex and 
many of these special alloys have excellent properties in certain respects 
only, and frequently generalizations are meaningless. 


To further explain what I am getting at, I wish to call your atten- 
tion to the limits of the chemical specifications mentioned in Paragraph 
4 of your paper. This is a very comprehensive specification and I am 
wondering whether all of the alloys within this range would have the 
excellent corrosion resisting properties you claim for them. It seems 
to me that you are covering a lot of ground. 


Mr. JENNINGS: May I ask what acid that would be? 


Mr. EDNIE: We analyzed the water in the sump and found that 
it was normal coal mine water containing usual amounts of free sul- 
phuric acid, ferric sulphate, aluminum sulphate, and alkaline-earth 
sulphates. I might add that the best alloy for resisting this type of 
corrosion was a straight bronze containing 20 per cent tin. The leaded 
bronzes stood up very well but they were covered with a coating which 
was subsequently analyzed and found to be very high in lead sulphate. 
Undoubtedly this coating served in a protective capacity, retarding 
further corrosion. 

On the other hand, the 80-20 tin bronze showed practically no 
coating and almost no loss in weight. 


Please understand that I am not necessarily concluding that this 
test indicates the unsuitability of silicon bronzes, in general, to sul- 


*Met. Engineer, Federated Metals Division, American Smelting & Refining Co., 
Pittsburgh, Pa. 
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phuric acid of various concentrations. I definitely know that some 
silicon bronzes stand up excellently in certain concentrations of this 
acid. My whole point is that unless specific data is submitted, general- 
zations might prove misleading, 


Mr. JENNINGS: We have just taken a propeller pump out of a 
5 per cent sulphuric acid solution, which has been in service for 18 
months. There was a general acid attack along the whole surface but 
there was no local breakdown. The pump went back into service. Nat- 
urally, that is not the complicated mine water you had. I do not know 
how this copper-silicon-iron bronze would stand up in that. I would not 
care to say it could be judged on the alloy you have in mind. It might 
be altogether different. 


Mr. Roast: I would like to take exception to one statement and 
yet not to the other. I do not think you can speak in these modern days 
of another alloy being near enough. We are learning every day how 
such very small proportions affect the whole. We used to think that 
5 per cent was needed to do something. Then we got down to 1 per cent. 
Now we are down to modified alloys with sodium with minute per- 
centages. I do not think we can say that any given alloy is near enough 
to another to make the results necessarily cormparable. 


Now if you have a test running with tin bronze, or any other 
bronze, and one loses nothing and the other loses a lot, it is self-evident 
that the one that lost was not the right alloy. A paper was given a 
year or two years ago by myself showing the need of uniform feeding 
if you are to get corrosion resistance. Let us take an example. It does 
not matter what bronze you choose. Polish and etch it lightly and you 
get the crystal formation beautifully and clearly delineated. You may 
say, “That is fine because the attack is uniform.” That is no sort of 
test at all for corrosion. You then proceed with deep corrosion and 
boil in hydrochloric and nitric acid for at least 10 min. with very violent 
evolution and a great deal of loss of weight. Unless your crystals, after 
that, have a uniform attack, you have not got your alloy in condition 
for corrosion resistance. If you have the silicon-iron bronze in the 
wrong condition, it will deteriorate with the greatest of rapidity. If 
you put in the same bronze that has been properly fed and risered so 
that you have uniform deep etch attack, then you are comparing it on 
the proper basis. 


It does not follow, however, even with that precaution that in the 
mine water, having ferric chloride, which is a very destructive agent, 
the alloy would stand up. We do not want to try and push the thing 
unduly, but the precautions I have mentioned should be taken not only 
to silicon bronzes, but any bronzes, and they frequently are not so taken. 








Clay Slurry Additions for Molding Sand Rebonding 


By R. H. Mooney*, Sacinaw, MicuH. 


Abstract 


This paper outlines the development of an idea. The 
Saginaw Malleable Iron Division, General Motors Corp., 
had an idea that better sand mixtures could be obtained 
in their foundry, at a reduction in cost, by adding the 
necessary rebonding clay to their system sands in the 
form of a slurry. Two trial installations for accomplishing 
this in their foundry were made, but each time its adop- 
tion for continual use on their sand systems was delayed, 
due either to inherent difficulties in the design of the sys- 
tem, or to the diverting of all efforts towards increasing 
the capacity of the foundry by the installation of a new 
molding unit containing certain equipment which re- 
quired no development, and produced to a certain extent 
the results that would have been obtained with a fully 
developed clay slurry method, Finally, however, a system 
was designed out of the experience acquired through the 
first installations which not only has considerably im- 
proved the properties of the sand used in the shop but 
also has done so at a reduction in cost. 


1. This is a history of the developments in the methods of 
making rebond additions to continuous molding sand systems in 
the foundry of the Saginaw Malleable Iron Division, General 
Motors Corporation, with special emphasis on the clay slurry 
method as recently developed. 


Past PRACTICES 

2. With a mere mention of the old floor sand heaps, which 
were kept ‘‘alive’’ by the use of naturally-bonded sands, we will 
pass to the method of making rebond additions to the first continu- 
ous sand preparing system of the middle 20’s. With the new con- 
tinuous system, the improved means of shaking out castings, and 
also the use of facing sand, reduced the requirements for new 
naturally-bonded make-up sand to the point where it was necessary 
to add rebond in the form of raw clay, directly to the sand system. 


3. At first, this was shoveled slowly into the flow of system 


* Plant Engineer, Saginaw Malleable Iron Division, General Motors Corporation. 
Nore: This paper was presented before a Sand Research session at the 45th 
Annual A.F.A, Convention, New York City, N. Y., May 14, 1941. 
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sand passing to the preparing unit. However, only a portion of 
this rebond addition was really effective, as an appreciable per- 
centage of it existed in the form of clay balls. It was then common 
practice over week-ends to ‘‘work’’ the complete sand system by 
passing it over special screens at the shakeout as the sand was run 
through its normal maintenance course. 


4. With the installation of two additional continuous, mold- 
ing-sand units in the late 20’s, the disadvantage of using facing 
sand with a somewhat rough back-up sand, especially from the 
mold production angle, became more and more apparent, and it 
was decided to eliminate the necessity for facing sand by improv- 
ing the quality of the complete sand system to the point where it 
would produce an equal finish on the casting as that obtained with 
the use of a facing sand. Equipment was provided for the con- 
tinuous addition of a sand maintenance mixture, and screen equip- 
ment was installed to allow screening the sand with 4% x % in. 
mesh as it passed to the paddle mixers. Large, double, sand bins 
were also installed to allow adequate tempering after the sand from 
the shakeout was mixed with water and rebond mixture in the 
paddle mixers. 


5. The rebond mixture used at this time consisted of approxi- 
mately 10 per cent clay, 40 per cent burned sand and 50 per cent 
system sand hauled from the foundry molding sand systems, all 
of which was mixed and mulled for 2 min. in the batch muller 
formerly used to produce facing sand. Seacoal additions to the 
sand systems were also added to this mixture. However, the vary- 
ing amounts of rebond in proportion to the amount of seacoal re- 
quired for each of the molding sand systems, soon resulted in 
eliminating seacoal from the mixture and adding it separately. It 
was continually necessary to vary the percentages of clay, burned 
sand, and system sand in trying to maintain the proper bond 
strength and the total amount of sand in each system. To obtain 
anywhere near satisfactory results, it was necessary to have a 
separate mixture for each molding sand system. 


6. While the results obtained from the above method were 
passable, it was felt that much improvement could be made. Over 
week-ends, it was still necessary to ‘‘work’’ the sand in each system 
by running it around its normal course as mentioned above, to 
eliminate some of the clay balls obtained in mixing. The amount 
of these clay balls would vary as the strength of the mixture was 
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changed. Also, as these balls would absorb much of the moisture 
added for tempering the sand, a noticeable variance in moldability 
of the sand was obtained, even though the moisture content of the 
sand was maintained fairly uniform. The addition of a rotary 
paddle revivifier to the system as the sand passed from the temper- 
ing bins to the molders, eliminated some of the clay balls and im- 
proved the texture of the molding sand somewhat. Nevertheless, it 
was still impossible to maintain the molding properties of the sand 
systems anywhere near uniform. Also, the cost of hauling ap- 
proximately 90 tons of system sand to the mixing shed and 
the same amount back to the molding sand systems was quite 


appreciable. 


STUDIES AND INSTALLS First SuuRRY SYSTEM 


7. Various types of rebond clays, including some high 
strength clays, were used, but it was always found economical to 
revert back to our medium strength clay. From time to time, it 
was felt that if the clay additions required for each molding sand 
system could be suspended in the water used for tempering, all 
clay balls would be eliminated, resulting in more uniform proper- 


ties and an improvement in the sand system in general. 


8. Some experiments were conducted to determine the action 
of the clay on the sand grains by dyeing the clay and studying 
its relation to the sand under the microscope. Experiments with 


suspending the clay in small quantities in the laboratory showed 


that it would stay in suspension for some time while the 4 to 5 
per cent of sand contained in the clay would settle out quite 
readily. Therefore, it was decided to experiment in making all 
elay additions to one of our sand units in the form of a slurry, 


and a crude set-up was installed, as shown in Fig. 1. 


Operation of Slurry System 


9. The method of operation consisted of preparing batches 
of clay suspended in water in the mixing tank. This mixture, or 
clay slurry, was then screened as the batch was transferred to 
the storage tank to eliminate a larger portion of the sand present 
in the clay. A centrifugal pump was used to recireulate the slurry 
in the storage tank and to provide the pressure for adding the 
slurry to the paddle mixer. Any increase or decrease in clay addi- 
tions required to the sand system was made by varying the amount 
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ot clay in each 50 gallon batch of slurry mixed. About 75 per cent 
of the tempering water requirements was used in the clay additions 
and the other 25 per cent was added raw by the sand man and 
varied to maintain the proper moisture content on the sand unit. 


10. This system was operated for about one week and it was 
shown that the quantity of clay required to maintain normal bond 
strength in the system was reduced by some 30 per cent. However, 
the inconvenience of hoisting the clav up to the batch mixer and 
the labor required to prepare the batches more than offset the 
savings in clay. Also, production requirements at that time called 
for a complete new molding unit in the near future and retarded 
any further work in connection with the clay slurry additions. 


Vew Installation Eliminates Need for Slurry Operation 


11. The design of this new molding unit was an improvement 
over the existing sand preparing units in that it incorporated a 
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continuous sand muller. Also, provisions were made for separating 
the shakeout sand from the spill and overflow sand, so that both 
could be proportionately fed in constant amounts to the continuous 
muller, along with the dry clay mixture and seacoal additions 
The use of a continuous muller on this new system resulted in a 
clay savings of close to that formerly obtained when the clay slurry 
was tried, and nothing further was done with it at that time. 


12. In the meantime, continuous mullers were installed o: 
our other two sand preparing units, reducing the clay consumption 
on each unit by eliminating the major proportion of clay balls, and 
improving the quality of the molding sand in general. With the 
inereasing production requirements of 1939 and 1940, the quantity 
of dry mixture to be prepared and hauled to and from the foundry 
was becoming a problem. The time of mixing and mulling eae! 
batch had to be shortened to obtain the quantity of dry clay mix. 
ture required, and, in general, the condition of the molding sand 


was becoming worse. 


INSTALL IMPROVED SLURRY SYSTEM 


13. It then was decided to install a complete clay slurry 
system on one sand unit to relieve the immediate demand for dry 


TORAGE HOPPER 
— 


TO CONTINUOUS MULLER 
T SWITCH 
LTR 


= & | 
= ———. 


+ 





|} AGITATOR 


| PUMP 


ca f > 


| i 


P| 


‘ 
‘ 
_ 
~ INP EDID SES 


Fie. 2—Layout or Seconp Siurry SystEM INSTALLED. 





k. H. MOONEY 945 


rebond mixture and determine the advisability of making all re- 
bond additions in this manner, or enlarging the dry mixture pre- 
paring unit. Fig. 2 shows the installation as made at that time. 
The batch mixing and screening operation, as shown in Fig. 1, 
was eliminated, and the clay fed directly to the storage tank from 
a hopper at ground floor level, and filled by dump truck. The 
initial operation of this unit consisted in trying to feed a constant 
quantity of slurry to the sand system, varying the strength of the 
slurry to obtain the desired bond. Raw clay was fed continuously 
into the tank at a predetermined rate. The water supply to the 
tank was slightly in excess of that required for the slurry prepara- 
tion and the tank was kept from overflowing by the float switch. 


Difficulties Involved 


14. However, this methog did not work so well, as it was 
impossible to obtain a uniform flow of slurry to the sand system 
with first a gear pump, then a piston pump and finally a centrif- 
ugal pump. The quantity of slurry would vary from time to time 
resulting in quite a variance in the bond strength and moisture 


content of the system sand. 


15. It then was decided to use a centrifugal pump having a 
capacity somewhat greater than the maximum amount of water 
required for tempering. The clay was still fed continuously into 
the slurry tank and varied to obtain the desired bond strength. 
All tempering water was added directly to the tank causing it to 
overflow into the larger capacity pump for delivery to the con- 
tinuous muller. This was a decided improvement over the former 
method, but it was still impossible to obtain the desired uniformity 
in bond strength and moisture content, due primarily to the time 
lag for changes in rate of tempering water additions to take effect 
at the muller. Also, the flow of slurry to the muller was not uni- 
form due to a variance in overflow to the pump caused by the 
violent agitation of the slurry by the motor driven mixer. Much 
trouble was experienced by the slurry feed line plugging up, due 
principally to a settling out of the clay during lunch periods and 
overnight. Trouble also was experienced by the settling out of the 
clay in the pump during these idle periods, and with the gradual 
decrease in pump capacity due to wear caused by the sand content 
of the clay. 
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FinaL DEVELOPMEN' 


16. In view of the above, it was realized that, while the addi 
tion of rebond clay in the form of a slurry was desirable, it would 


be necessary to obtain a more practical method of transferring the 


slurry from the mixing tank to the point of addition to the sand 


systems [t then was decided to completely rebuild the unit as 
shown in Fig. 3, and install additional units for the remaining two 
sand systems in the foundry. The clay storage bins were located 
approximately 30 ft. above the ground and filled with a dump 
bucket and hoist, vperating on a monorail common to the three 
bins. This arrangement allowed locating the clay slurry mixing 
and storage tank at a sufficient height above the continuous muller 
to maintain an 18 to 20-ft. head at the slurry discharge point. 
The quantity of slurry used is determined by the amount of water 


required to maintain the desired moisture content of the sand 


AY STORAGE HOPPER 


VALVE 
VIBRATING FEEDER 
WATER 
SOLENOID VALVE 


FLOAT SWITCH 


AGITATOR 
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system and is controlled by the system sand man with a plain lug 
eock with graduated dial. 


17. The motor driven agitator runs continuously. The water 
supply to the tank is controlled by the float switch and solenoid 
valve, and the float is set so that the height of slurry will vary 
within 8 to 16-in. of the top. The float switch also controls the 
‘‘on’’ ‘‘off’’ operation of the vibrating clay feeder, resulting in 
the clay being fed into the tank simultaneously with the water 
each time the float calls for water. The bond strength of the sand 
system is maintained by varying the rate of raw clay fed into the 
tank by the vibrating feeder. 

Difficulties and Their Elimination 

18. The only operating trouble experienced with this latter 
set-up was a plugging up of the slurry line, due to lumps of foreign 
material, such as coal, stones, etc. becoming lodged at a bend or 
at the control valve. This was soon eliminated by the installation 
of a screen inside of the tank at the clay slurry outlet. The tanks 
are left full overnight and over weekends, and every three or four 
weeks are emptied to remove any accumulation of foreign material. 


19. Figs. 4 and 5 are views of the bin check valve, vibrating 
feeder, mixer motor, and tank from slightly different angles. Fig. 
6 is a view of the slurry being discharged into the continuous 


muller along with the system sand. 





5 eR a ee 


Fic. 4—View or Brn Cueck Vatve. Visratinc Freeper, Mixer Motor anp Tank. 
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‘1G. 5—ANOTHER VIEW OF THE SAME APPARATUS AS FIG. 5. 


CONCLUSIONS 


20. In the normal application of the clay slurry method for 
rebond additions to our molding sand systems, a summation of 
the results obtained therefrom and conclusions arrived at are as 
follows : 


1. In comparison with our former practice, the continual 
handling of sand to and from our sand systems and the mixing 
of rebond mixtures was eliminated completely. This amounted to 
approximately 90 tons per day for the three sand systems in a 
16-hour day, whereas, now it is necessary to haul only approxi- 
mately 13 tons of clay to the sand systems daily, and all cost of 
mixture preparation is eliminated. 


2. Control of the moisture content and bond strength of the 
molding sand systems is definitely more uniform. 
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Fic. 6—Sturry Berne Discuarcep into ContTiNvous MULLER WITH SysTEM SAND. 


3. The type of clay used was the same as has been used for 
years past. This clay was a medium priced clay and ground to a 
fineness whereby approximately 25 per cent would be retained on 
a 100-mesh, 25 per cent on a 200-mesh and 50 per cent would pass 
through a 200-mesh. Trial runs were made with a few of the 
more expensive higher strength clays which were ground to where 
90 per cent or more would pass through a 200-mesh. However, it 
was found that the same quantity of these clays was required as 
our regular clay. 


Experiments on Clay Fineness 

21. A trial run on a ecarload of this regular clay ground 
coarser to where approximately 55 per cent was retained on a 
100-mesh, 25 per cent on a 200-mesh and 20 per cent passing 
through the 200-mesh, was made. It was found that the same 
quantity of this coarse ground clay was required to maintain 
normal system bond as was formerly required when ground to the 
fineness mentioned above. This was attributed to the montmoril- 
lonite characteristics of the clays, the nature of which results in 
the larger particles being reduced readily to particles of one micron 
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and less when worked with water*. All clay now used for rebond 
on our three sand systems is of the coarser type and is obtained at 
an appreciable reduction in cost. 


Future Developments 


22. It is felt that much more can be done in connection with 


the use of various clays, or combination of clays in connection 
with the slurry method of addition to the sand system, and it is 
now intended to make trial runs along these lines. Some thought 


also is being given to the addition of seacoal, or a substitute, by 


the same method although nothing has been done in this eonnec- 
tion as yet 





DISCUSSION 


Presiding: W. G. REICHERT, American Brake Shoe & Foundry Co., 
Mahwah, N. J. 


Co-Chairman: R. F. HARRINGTON, Hunt-Spiller Mfg. Co., Boston, Mass. 


N. J. DUNBECK!: I am a little curious about the 10 tons of clay 
you still need to handle. Is that because you cannot get quite enough 
strength in the slurry? 


Mr. MOONEY: Before we went to this method, it was necessary to 
haul about 70 tons of system sand from our foundry to our sand mixing 
shed and then mix that with about 10 to 12 tons of clay, through the 
period of a 16-hour day, and then haul this mixture back into the foun- 
dry again. It kept one or sometimes two trucks busy just for the haul- 
ing. Also, the mixing equipment was an appreciable item to maintain 
and operate. It took one man to mix the sand, and another man to haul 
it, and on the whole it was quite an expensive arrangement. Now, all 
we have to do is to haul the 10 tons of clay over into the foundry to be 
fed into the sand via the clay slurry. 


MEMBER: I would like to know if there was any saving in cost and, 
if So, how much? 


Mr. MOoNEY: We had two men, 16 hours a day and their rate 
would be about 90 cents an hour, which would be probably $32.00 right 
there, plus the maintenance and power cost of operating the mixer. It 
really amounts to some money when you figure it that way. In fact, 
that is why we put it in, because we were sure it would pay for itself 
very soon. 


* Grim, R. E., “Elements of Petrographic Study of Bonding Clays and of the Qlay 
Substance of Molding Sands,”" Transacrions American Foundrymen’s Association, vol. 
47, pp. 895-908 (19389). 


Eastern Clay Products, Inc., Ejifort, Ohio. 
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The amount saved on the actual clay itself was not so much. We 
thought probably by adding our clay in the form of a slurry, we could 
eliminate some of the steps in maintaining our sand systems. However, 
we are putting in a new molding unit now and are not planning on 
eliminating any of the present steps, because we feel the present equip- 
ment will give us a little better sand than leaving some parts of the 
equipment out. 


M. H. Goutp?: I would like to ask whether this mulling equipment 
that you used in the final set-up was capable of handling all your sand, 
or did you mull only part of it each time? 


Mr. MOONEY: No, we mulled all the sand. 


Mr. GOULD: I am wondering whether it would have been possible 
to add the finer clay material right to the muller, without water, and 
add the water separately. 


Mr. MOONEY: We were trying to keep away from that to prevent 
the clay from forming balls. That is why we would mix this 10 per cent 
clay with 50 per cent of system sand and 40 per cent burned sand to 
prepare a mixture in a separate muller. Formerly it was necessary to 
mix up about 90 to 100 tons of the mixture per day and add this sand- 
clay mixture to the sand system in the hopes of eliminating some of 
these clay balls. 


Cc. P. AtBus*: I should like to ask how much sand is bonded with 
that 10 per cent of clay? 


Mr. Mooney: We have three units. In one unit, we are handling 
around 120 tons of sand an hour; the second handles around 140; and 
the third, around 130. In other words, there is a total of probably 400 
tons an hour which we are turning over continuously for 16 hours a day 
in our foundry. During the 16-hour day, we add the sand in passing 
around the system, about 10 or 12 tons of clay a day. 


E. C. Zirzow4: Is that the amount of clay for each system or for 
all the systems? 


Mr. MOoney: For all the systems. 


Mr. Zirzow: Do you have more than one of these slurry mixers 
in operation? 


Mr. Mooney: We have a separate one on each of our three sand 
preparing units. 


Mr. Zirzow: This method of adding clay with the slurry was put 
in chiefly to make use of your present equipment. 


Mr. Mooney: We have what we call a mixing muller. 


* Technical Staff, Aluminum Co. of America, Cieveland, Ohio. 
*Chemist, Hercules Powder Co., Wilmington, Del. 
*National Malleable & Steel Castings Co., Clevland, Ohio. 
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Mr, Zirz0w: You have a paddle type muller? 


Mr. Mooney: There is a mixing muller on each of the three units 
Through this muller passes from 120 tons of 
unit, to 140 tons, in the other unit. Each unit is the same. The sand 


comes from the shakeout screened; runs over a magnetic pulley; is 
screened through a -in. mesl 


sand in the case of one 


screen and then goes into the mixing 
ixture was added at the muller and now 


slurry is added instead of the mixture. The sea coal additior 
also is made at th ull all of 


muller. Forme) 
this clay 


which is mixed and passed up into a 
bin where it is all 1 t nper. The sand passing from that bin is 
run through a 


it along belt conveyors to the molder. 


Mr. Zirzow: The n s of a wheel type, is it not? 


Mr. Mooney Ni ontinuous type. 





Some Factors Influencing 
the Graphitizing Behavior of Cast Iron 


By S. C. Massari* anp R. W. Linpsay**, Curcaco, IL. 


Abstract 


The effect of maximum melting and pouring tempera- 
tures upon graphitizing behavior was investigated in an 
iron containing 3.60 per cent total carbon and 0.55 per 
cent silicon. Jt was found that depth of chill increased as 
the superheating temperature was raised. Furthermore, 
for a given superheating temperature, the depth of chill 
was decreased and the mottled zone was narrowed by 
lowering the pouring temperature. Micro-studies and 
chemical analyses showed that the behavior described is 
due to the presence or absence of graphite nuclei in the 
molten iron, which act as seeds for graphite precipitation. 
Nucleation, by the introduction of an extraneous source of 
graphite into the molten iron, was studied. Such treat- 
ment markedly affects graphitizing behavior, reducing 
depth of chill and causing a sharp transition from chilled 
to gray iron. The results of the practical application of 
nucleation in conjunction with the use of a strong carbide 
stabilizing element also are included. 


INTRODUCTION 

1.- There are numerous factors which influence the basic 
graphitizing behavior of cast iron when the molten metal is poured 
into a mold. Some of these influences are readily controllable and, 
in faet, are actually utilized in every day foundry operation. For 
example: a number of elements, such as silicon, aluminum, zirco- 
nium, nickel, and some others, are specifically elements which, when 
added to iron in increasing quantities, diminish the carbide stabil- 
ity and increase the tendency for the carbon to be precipitated from 
solution to form graphite. Silicon, because of its relatively low 


* Metallurgist and **Research Assistant, Association of Manufacturers of Chilled 
Car Wheels. 

Norge: This paper was presented before a Gray Iron session at the 45th Annual 
A.F.A. Convention, New York City, N. Y., May 15, 1941. 
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cost, has been, and still is, the principal element which is utilized 
in the foundry for regulating the depth of chill which a given iron 
will produce when poured into a mold having specific dimensions 


or chills for causing rapid solidification and carbide retention 






2. However, it becomes apparent, when observing daily 












foundry practice, that even when uniform chemical composition is 
attained, variations in the behavior of the metal still continue t 
persist. Thus, it is evident that other factors, beyond those nor- 
mally considered, must be exerting a pronounced influence on the 
graphitizing behavior of the iron. It is some of these less apparent 
factors which comprise the basis of this research, the results of 


which are described in this paper. 


THEORIES OF SUPERHEATING 


3. is now e Known la 1€ yroper les of -ertain irons 
. «It w well | that the properti f certa 


are improved by superheating, that is by heating the molten metal 
to temperatures well above the fusion temperature. The irons whic} 
respond to this treatment are those having a reasonably high total 


earbon. The improvement appears to be due to a refining of the 






graphite structure leading to increased strength. Low carbon, high- 
test irons are not improved by superheating and, in fact, may be 
impaired. 














4. Over a period of years following the discovery of the effect 
of temperature in the melting process, three main theories, or pos 
sibly two, one /eing a subdivision, have been developed to account 
for this effect. 


Graphite Nuclei Theory 


5. The original theory, usually credited to Piwowarsky’ but 
also contributed to by the work of others, was that the graphite 
particles in the melting stock act as nuclei for the precipitation 
of coarse graphite flakes. Superheating causes these graphite par 
ticles to dissolve, thus removing these nuclei and permitting under- 
cooling with consequent precipitation of finer graphite. Coinci- 
dentally, the combined carbon is increased slightly. 









6. However, at still higher temperatures the effect of super- 
heating reverses itself and once again a coarse graphite structure 
is precipitated while the combined carbon decreases. It would be 





*Superior numbers refer to the bibliography numerical sequence. 
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expected that if the presence or absence of graphite nuclei is re- 
sponsible for the graphite structure, once their complete solution 
is accomplished, superheating to a still higher temperature should 
be without effect, assuming that pouring temperature and cooling 
rate are held constant. 


7. This theory of the effect of superheating was considerably 
undermined when Piwowarsky“, himself, presented evidence to 
show that graphite dissolves extremely rapidly just above the 


liquidus. The theory also has been questioned by others. 


8. <A review of the literature reveals several strong supporting 
points for the graphite nuclei theory and leads to the belief that 
this theory has been discredited in the face of positive supporting 
evidence. The reversal of the effect of superheating, namely the 
failure to undercool, has been observed chiefly in laboratory melts. 
Bardenheuer and Zeyen® ascribed this to attack upon the crucible 
wall and showed a photograph of a melt frozen in the crucible from 
a maximum temperature of 3270°F. in which coarse graphite sep- 
arated at the periphery of the melt, close to the crucible wall, indi- 
‘ating contamination (very likely graphite nucleation). With such 
disturbing factors omitted, von Schwarz* considered that the cor- 
rect curve for the effect of superheating on the existence of graphite 
nuclei, or the phenomenon ascribed to it, is as shown in Fig. 1. 

9. Lorig, in discussing a paper by Ziegler and Northrup’, 
pointed out a similar possibility. MacKenzie, quoted by Gillett’, 
has mentioned that someone, probably John Shaw, had called atten- 
tion to the possibility of Piwowarsky’s irons reacting with his 
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crucible at the most elevated temperatures he used, and that the 
reversal of behavior might have been due to actual changes of 
composition. MacKenzie further comments that, though the mech- 
anism of the loss is not clear, high superheating consistently results 
in a loss of carbon. Gillett points out that before we theorize about 
‘*differences in behavior without change in chemical composition,’’ 
we ought to be sure that the chemical composition actually is the 
same, and not be satisfied with stating that the same raw material 


was used. 


10. Norbury and Morgan‘ have shown that melts which would 
ordinarily give fine ‘‘supercooled’’ graphite, when treated with an 
addition of 0.03 per cent flake graphite, gave coarse graphite. This 
shows that graphite nuclei can seed coarse primary graphite. In a 
fairly recent paper, DiGiulio and White® claim that, in their exper- 
iments, graphite nuclei persisted in irons that were not superheated 
and that the differences between ‘‘normal’’ and ‘‘abnormal’”’ struc- 
tures might be explained on the basis of absence or presence of 
these nuclei. 


Silicate Slime Theory 


11. The other main theory that has been constructed to ac- 
count for the results of superheating, is the so-called ‘‘ferrous 
silicate slime’’ theory as originally conceived by O. von Keil and 
eo-workers®. The essence of this theory is that a submicroscopic 
slime of ferrous silicate inelusions may be present in the molten 
iron and that this slime acts as a nucleus for coarse graphite forma- 
tion. However, if this slime is removed, or if the particles of a 
size to be efficacious are removed, then the iron can undercool and 
a fine graphite structure will result. Superheating, sometimes ac- 
companied by stirring, is postulated to cause this slime to agglomer- 
ate and eliminate itself from the melt. Larger particles present 
less surface area to the molten metal, which has a lower viscosity 
as a result of superheating, and hence less frictional opposition is 
offered to their upward movement and elimination from the molten 
metal. 


12. What are the possibilities of the existence of a silicate 
slime? The main support seems to lie in the proved fact that the 
eomposition of the slag in contact with the molten iron plays an 
important role in determining the type of graphite structure that 
will be developed when the iron solidifies. Iron, which is melted 
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in contact with a slag capable of removing either silica or ferrous 
oxide, or both, from the metal, will be found to have a fine graphite 
structure. Furthermore, it has been found that the use of a strong 
deoxidizer such as aluminum (magnesium or calcium) to free the 
melt of ferrous oxide also acts to promote fine graphite formation. 
Of course, the fact that a strong analogy exists between the theory 
of a sub-microscopic silicate slime and the presence or absence of 
sub-microseopie inclusions that have a profound effect on grain 
size in steel, has done much to foster the acceptance of this theory. 


13. However, this theory has the disadvantage of postulating 
the presence of a cloud of inclusions which, although they have a 
far reaching effect on the behavior of the metal, cannot be seen. 
Thus the theory has to be accepted indirectly by the effects it 
produces. A review of the literature also reveals that no one has 
attempted to explain why this theory is any more adequate in 
accounting for the reversal of the effect at extremely high tempera- 
tures than is the graphite nuclei theory. Yet one of the main 
reasons that the graphite nuclei theory fell into disfavor was its 
failure to provide an explanation for this reversal. What mechan- 
ism can be woven into the slime theory to account for the reversal ? 
Offhand there is nothing that suggests itself to substantially explain 
why, if up to a certain temperature the inclusions tend to agglomer- 
ate and clear themselves from the melt, they should be re-introduced 
at higher temperatures. 


14. Furthermore, the formation of a ferrous silicate slime 
seems to be based upon a very delicate equilibrium. As pointed out 
by Gillett®, it appears as if ferrous oxide, in order to react with 
silica in a ‘‘slime-free’’ melt so as to form the harmful ‘‘silicate 
slime,’’ must be introduced in a rather dilute form. Larger doses 
are thought to be removed by slagging as large particles rather 
than to remain suspended. It would seem then that the composition 
of the slime is critical, almost too critical in fact. 


Gas Theory 


15. The third possibility of explaining the consequences of 
superheating lies in the presence of gases in the metal, the possible 
reactions between the gases and elements in the metal, the effect 
that temperature may have on the solubility of these gases, and 
their effect on the anticipated iron-carbon-silicon equilibria. 
Johnson’? thought he found large quantities of oxygen in certain 
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east irons and attributed differences in behavior of irons of other- 
wise similar composition to the presence or absence of this element 
The presence of such large quantities of oxygen has since been 
proved incorrect. The mere existence of oxygen in cast iron cannot 
be held responsible for differences in behavior as regards graphite 
structure without knowledge of its manner of existence. At the 
present time. analytical methods are not available to make such 
determinations. However, it would seem that, if the presence of 
oxygen is important, it is because it is compatible with the silicate 
slime theory. 

16. Norbury and Morgan": also believe that gases may be 
of importance in that they determine the type of inclusion that may 
form. They have found that the addition of 0.1 to 0.2 per cent 
titanium, followed by bubbling carbon dioxide gas through the 
melt, completely refines the graphite structure of all hypoeutectic 
east irons. They suggest that this treatment produces titanate in- 
clusions which are extremely liquid when the graphite forms, and 
being liquid, they do not act as inoculants or effective nuclei. They 
believe that silicon and aluminum added to irons containing oxides 
produce solid, and hence, inoculating inclusions. 


17. Bubbling hydrogen through melts containing titanium 
coarsened the graphite structure. Norbury and Morgan considered 
that hydrogen reduced the iron oxide from titanate inclusions and 
raised their freezing points—that is converted them to solid, hence 
inoculating, inclusions. Similar experiments with cupola melted 
metal did not substantiate these findings, this being due to the loss 
of titanium either from the charge or from ladle additions. The 
whole idea seems quite hypothetical and, as Norbury and Morgan 
admit themselves, does not work when applied practically. 


18. Boyles'* doubts the explanation relative to liquid titan- 
ates and believes that the real action of carbon dioxide is to free 
the melt from hydrogen. He has shown that hydrogen increases 
the stability of carbide in east iron, within certain ranges promot- 
ing coarse graphite flake size. Boyles states that neither nitrogen 
nor oxygen is able to produce a change in size of the graphite 
flakes. He says, ‘‘ Assuming that the solubility of this gas (hydro- 
gen) is a function of temperature, many of the effects of super- 
heating may be interpreted.’’ This sounds logical enough yet bears 
investigation from the practical viewpoint. It would be a specula- 
tion unless it can be proved definitely. that irons with different 
graphite structures differ in hydrogen content in the right direction. 
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Summary of Theories 


19. We may now summarize these theories as follows. The 


graphite nuclei theory is quite simple but was rejected because it 
ffered no explanation for the reversal caused by extremely high 
superheating temperatures. In addition, Piwowarsky set forth the 


laim that graphite could not remain undissolved even at tempera- 
tures only slightly above the liquidus. However, it is definitely 
known that the addition of only 0.03 per cent flake graphite causes 
the seeding of coarse graphite. Furthermore, it seems entirely 
possible that the reversal can be explained on the basis of com- 
positional changes of the melt, or at least nucleation action, caused 
by the graphite absorbed from the walls of clay-graphite crucibles. 


20. The ‘‘silicate slime’’ theory has probably gained wide 
favor because of the nice analogy that can be drawn between it 
and the effeet on grain size of submicroscopie alumina particles 
in steel. The main disadvantage is that it has to be accepted 
indirectly—the ‘‘slime’’ cannot be seen, nor does it seem to ade- 
quately account for the reversal. 


21. The presence or absence of gases admittedly can account 
for variations in graphite structure but it remains to prove whether 
gas variations in the right direction exist in irons of different 
behavior. 


22. It may well be that all three of these theories can be 
proved to be valid under certain conditions and all may contribute 
in some manner to the general picture. However, the experimental 
results that are to be described in this paper can be very soundly 
and very logically explained on the basis of existence of graphite 
nuclei and the authors believe their experimental results corroborate 
and fortify this theory. 


REVIEW OF THE LITERATURE 


23. A review of the literature reveals that comparatively 
little work along these lines has been reported, but that which has, 
substantiates this investigation. Experimental work by Pohl'*® has 
been summarized by Sisco'*. Pohl studied the effect of several vari- 
ables on the depth of chill in chilled iron (with a carbon content 
of 3.85 per cent), particularly the effect of the character of the 
charge and the effect of maximum temperature of the iron as well 
as the length of time the iron was held at temperature. He found 
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that both of these variables were of importance. When the melts 
were heated to a fairly low maximum temperature (2355°F.), the 
depth of chill increased as the proportion of white iron in the 
charge increased and that of gray iron decreased. Increasing the 
maximum melting temperatures to 2525°F., largely eliminated the 
effect of this variable so that the resulting castings had about the 
same depth of chill regardless of the nature of the melting stock 
The pouring temperature was about the same in both instances 
namely 2220°F. and 2280°F. respectively. 

24. Pohl also found that, as the maximum melting tempera- 
ture was increased, pouring from the same (lower) temperature, 
the depth of chill increased. 


25. The holding time at temperature of the metal is another 
important factor. The same investigator showed that holding the 
metal at temperature prior to pouring caused an increase in the 
depth of chill. At the same time, the core beneath the chill exhib. 
ited finer graphite and higher strength with longer periods at 
temperature. 

26. Dierker’® has concerned himself with the problem of 
graphite additions. Working with three different cupola melted 
irons, he found that, although graphite additions of about 0.11 
per cent were potent in reducing the depth of chill on the base 
metal, an average of his tests on the properties of the gray iron so 
treated indicated that the additions had neither an improving nor 
deteriorating effect. Although his results were not conclusive, 
Dierker feels that the particle size of the graphite added is im- 
portant. He believes that it should not be coarser than 8 mesh nor 
finer than 48 mesh for consistent results. This investigator also 
worked with three irons melted in an electric furnace. It was found 
here that, although tensile strength remained approximately the 
same, the graphite addition resulted in an improvement in the 
transverse strength as well as the deflection. In studying the micro- 
structure, Dierker came to the conclusion that iron to which 
graphite additions had been made, possessed a finer grain size than 
those poured without any addition. 


Test PROCEDURE 


27. For each of the various heats described in this investiga- 
tion, small pieces of cupola melted wheel iron scrap were used as a 
raw material. The analysis of this iron is as follows: 
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Total carbon, per cent 
Silicon, per cent 
Manganese, per cent 
Phosphorus, per cent 


Sulphur, per cent ....... (max. ) 


28. The melting unit was a 30-lb. capacity, laboratory-type, 


high-frequency, induction furnace with a clay-graphite crucible. 
Whenever a new crucible was put into service, a dummy or wash 
heat was melted down before making any experimental runs. This 
was done to afford opportunity for the clay bond to vitrify and 
thus prevent the crucible from exerting an inoculating effect on 
the metallic charge. All charges were weighed accurately and each 
had a total weight of approximately 12 kilograms (24.6-lb.). Melt- 
ing of the charge was controlled carefully by maintaining a rela- 
tively constant power input, thereby reproducing practically 
uniform melting time. In each instance, the maximum melting 
temperature likewise was regulated carefully by observations with 
an optical pyrometer. 


29. Very small quantities of ferrosilicon and ferromanganese 
were added to overcome the slight oxidation loss of silicon and 
manganese oecurring during the process of melting. The actual 
quantity of these alloys added was only 36 grams of 25 per cent 
ferrosilicon and 4 grams of 78 per cent ferromanganese, represent- 
ing an increase in the concentration of these elements of 0.07 
per cent and 0.025 per cent respectively. 


30. To obviate any possible influence which late silicon addi- 
tions might have toward inducing inoculation of the metal, each 
melt was held 15 min. after the alloys had been added. From 
examination of the results obtained by other investigators and 
based upon our own experience, such a time interval is safely in 
excess of what is actually necessary to obliterate any seeding action 
which these alloys might have, had they been added just prior 
to pouring. 


Errect oF MAximuM MELTING TEMPERATURE 
AND PourING TEMPERATURE 


31. It has been definitely established when melting gray cast 
iron that the maximum temperature of the molten metal is an 
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important variable in the melting process. Pouring temperature is 
also of importance in that it exerts some control over the subse. 
quent cooling rate of the casting and is one of the main factors in 
determining the soundness of the casting. However, a review of 
the literature showed that not much consideration has been given 
these variables in the manufacture of chilled iron. The effect of 
maximum melting temperature has been subjected to some investi- 
gation but the effect of pouring temperature apparently has been 
neglected entirely. Therefore, in the conduct of this investigation, 
it was logical to start with a study of these basic factors. 


32. A series of melts was made employing progressively; 
higher maximum melting temperatures. In each case, a chill test 
piece, 3 x 6 x 114-in. with the 144 x 6-in. face against the chiller 
was poured at the maximum melting temperature to which th 
metal was subjected, and then, permitting the iron to cool in th 
furnace, an additional test piece was poured at each of two lower 
pouring temperatures. Five different maximum melting tempera- 
tures were utilized in steps of 100°F., ranging from a minimun 
of 2500°F.. to a maximum of 2900°F. Each of the melts was re- 
peated at least three times to determine if the results were strict}: 
reproducible. 


33. The test pieces were broken for chill measurement, and 
typical fractures were selected and photographed for record pur- 
poses. The results are shown in Fig. 2, which is a complete repre 


sentative group of these test pieces. 


34. From a study of these test pieces, it becomes apparent 
that lower melting temperatures result in a softer test piece than 
higher temperatures, and that an abrupt increase in the depth of 
chill occurs when the maximum melting temperature of the metal 
exceeds 2700°F. In addition, there is a definite tendency in all 
instances for the depth of clear chill to decrease as the pouring 
temperature decreases. Increase in the maximum melting tempera- 
ture not only increases the size of the mottle particles, but also 
results in a wider dispersion of the mottled zone. From these exper- 
iments, it can be concluded that melting temperatures in excess 
of 2700°F. yield iron whose chill depth is difficult to control, since 
the subsequent pouring temperature exerts a more pronounced 
influence on the chill depth if the metal has been subjected to 


temperatures in excess of this value. 
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35. The photographs of the test pieces (Fig. 2) portray two 
nhenomena, which may be explained on the basis of the effect of 
two coincidental influencing factors: 


Factor No.1: Metal which has been subjected to melting 
temperatures less than 2700°F., and poured into a mold at 
decreasing pouring temperatures, tends to produce a slightly 
higher chill as the pouring temperature diminishes. This con- 
dition is very likely the effect of colder iron possessing less 
total heat with which to supply the demands of the molding 
sand and, as a consequence, a slightly greater depth of chill 
results because of the chilling effect of the molding sand itself. 


Factor No. 2: When melting temperatures exceed 
2700°F., the reverse condition exists. As the pouring tempera- 
ture decreases for a given maximum melting temperature, the 
depth of chill and the hardness of the mottled areas decrease. 
This condition can best be explained on the basis of the graph- 
te nuclei theory of carbon (graphite) precipitation. Iron, 
which has been subjected to high superheats (in excess of 
2700°F.), is almost devoid of residual graphite nuclei which 
tend to promote carbon precipitation as the metal is in the 
process of cooling and solidification in the mold. If, however, 
the metal is permitted to cool in the furnace to a lower pouring 
temperature (cooling comparatively slowly), some of the 
graphite is precipitated in the melt and such metal when 
poured into the mold contains nuclei which again serve as 
seeds for subsequent carbon precipitation. When a greater 
number of these nuclei exist in the molten metal, graphite 
precipitation is assisted and less chill depth results. 


MaxtmmuM Meutina TEMPERATURE vs. RESmUAL CARBON NUCLEI 

36. It appeared desirable to definitely establish the validity 
of the previously described theory of graphite nuclei and their 
effect on the graphitizing behavior of the iron. To accomplish this, 
ordinary cupola chill test pieces were melted in the high frequency 
furnace. After having attained a maximum melting temperature 
of 2500°F.. some of the metal was dribbled directly from the 
furnace into a bucket of cold water, thereby producing small shot 
suitable for micro-examination, to ascertain the presence, size and 
distribution of carbon nuclei in the molten iron. It seems reasonable 
to suppose that these small shot samples solidify with such rapidity 
that the condition which existed in the molten state is retained. 
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MAXIMUM MELTING TEMP 2500°F 
POURING TEMP 2500° 2400° 





MELTING TEMP 
POURING TEMP 





Care was taken to select shot of approximately the same size for 
comparison to insure that the rate of solidification and cooling was 
as nearly the same as possible in all instances. After having poured 
the small shot, a test piece 314 x 1 x 4-in. also was poured from 
the same metal. All of the test pieces which form this part of the 
investigation were of this size, cast in baked core sand molds, and 
poured with the 1 x 4-in. face against a chiller. 

37. The remaining metal in the furnace was raised to a tem- 
perature of 2700°F. and the same procedure of pouring shot and a 
test piece repeated. Similarly, this procedure was again repeated 
after the remaining iron had been raised to a temperature of 
2900°F. Fractures of the test pieces cast at 2500, 2700 and 2900°F 
are shown in Fig. 3. 
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The three test pieces obtained again confirm the previous 
series of melts, indicating that as the melting temperature increases 
the depth of chill increases, and the dispersion of the mottled zone 
becomes increasingly broader. 


39. The samples of shot were mounted in bakelite, polished, 
and photographed at a magnification of 1000 diameters without 
etching. The quantity, size and distribution of the residual carbon 
nuclei in the molten metal, which had been subjected to each of 
these maximum melting temperatures, is clearly recorded in Figs. 
4 and 5. It can be seen readily how the number of graphite nuclei 
diminishes with increasing maximum melting temperature. The 
quantity of the carbon nuclei appears to be the underlying factor 








966 FACTORS INFLUENCING GRAPHITIZING BEHAVIOR OF Cast 


No, | No. 2 No. 3 
Heated to Heated to Heated to 
and poured and poured and poured 
at 2500°F. at 2700°F. at 2900°F. 


~y 


that causes the test piece to become progressively harder with 
increasing melting temperature. 

40. Additional evidence in support of the graphite nuclei 
theory was obtained by drilling the three test pieces as-cast and 


analyzing for total carbon, graphitic carbon, and silicon. These 


results are shown in Table 1, with calculations of the percentage 


Table 1 
CHEMICAL ANALYSES AND CHILL DEPTHs ON TEST PrecEs POURED 
At 2500, 2700 anv 2900°F. 


Maximum Melting Temperature 
2500°F. 2700°F. 2900°F. 
Total Carbon, per cent 3. 3.60 3.66 
Silicon, per cent..... 65 0.64 0.64 
Graphitic Carbon, per cent y 0.04 0.03 
Percentage of total carbon that per- 
sisted as graphite 1.3 Bi 0.84 
Depth of chill on test piece (in six- 
teenths of an inch) 2: 26 White 
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of total carbon that remained in the graphitic form as well as the 


depth of chill on each of the test pieces. 


4]. From a consideration of the data recorded in Table 1. 





o * 


Fic. 4 (Top)—Grapnire Nuc.ie: Present at 2500°F. (x1000 uNETCHED). 
(Borrom) —GrapPuire Nucier Present at 2700°F, (x1000 UNETCHED). 
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Fic, 5—GRapHITE Nucier PRESENT aT 2900°F. (x1000 UNETCHED). 
it will be noted that there was only a slight variation in total 
earbon and a variation of only 0.01 per cent in silicon, which cer- 
tainly is not enough to account for variations in the depth of chill 


on the test pieces. It is interesting to note that the percentage of 


earbon which remains as graphite, decreases almost in direct pro- 
portion with increasing maximum melting temperature. 


EFFECT OF INOCULATING THE MELT WITH A GRAPHITE ELECTRODE 

42. The next phase of this investigation involved a study of 
the effect of inoculating the molten metal with a piece of graphite 
electrode at maximum melting temperatures of 2500, 2700 and 
2900°F. The test procedure is practically identical with that 
already outlined. The metal, after having been brought to a de- 
sired temperature and a test piece poured without further treat- 
ment, was then inoculated by means of a small piece of graphite 
electrode, permitting it to float on the remaining metal in the 
erucible for approximately five minutes with the metal kept at 
constant temperature by the use of a very small electrical input. 
Another test piece was then cast. Shot samples were poured along 
with each test piece to study the changes in the quantity of nuclei. 
A chemical analysis was made on borings taken from the chilled 
faces of the test pieces. The results of these tests are recorded in 
Table 2 
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Table 2 
(CHEMICAL ANALYSES AND CHILL DEPTHS on TEst Pieces PouRED 
AT 2500, 2700 ann 2900°F. 


—— Maximum Melting Temperature — 

2500°F. 2700°F. 2900° F. 

Strt. Inoe. Strt. Inoe. Strt. Inoce. 

Total Carbon, per cent.... 3.58 3.59 3.57 3.63 3.57 3.69 

Silicon, per cent oe, lietard ae here sae ate cee 

Graphitic Carbon, per cent. 0.04 0.06 0.04 0.07 0.038 0.14 
Percentage of total carbon 

that persisted as graphite 1.12 1.67 113 1.93 0.84 3.80 
Depth of chill on test piece 

(in sixteenths of aninch) 23 16 29 20 30 24 


43. The fractures characteristic of the test pieces referred to 
in Table 2 are shown in Fig. 6. The change in the character of 


the mottle between straight and inoculated test pieces should be 
particularly noted. 


44. Photographs of the shot samples are shown in Fig. 7, 
and should be compared with the quantity of nuclei shown in 
Figs. 4 and 5 to observe the increase in quantity of residual ear- 
bon nuclei in metal which had been inoculated with an extraneous 
source of graphite. The behavior of the metal is well illustrated 
in the photographs of the fractured test pieces, and the photo- 
micrographs showing the absence or presence of graphite nuclei, 
depending upon the treatment which the metal had received. It 
is readily apparent from these photomicrographs that the inocu- 
lated metal contains more numerous and larger graphite nuclei 
at each of the temperatures considered when compared with the 
uninoculated metal. 


EFFECT OF THE CHARACTER OF THE INOCULANT 


45. Two forms of graphite may be utilized for the purpose 
of inoculation with carbon nuclei, namely: crushed granular Mexi- 
can graphite, a natural product, or a piece of standard electric 
furnace graphite electrode, which is synthetically produced in an 
electrie graphitizing furnace. Although both of these materials 
are essentially graphitic carbon, their behavior, when used in con- 
nection with the inoculation of cast iron, is somewhat different. 


46. Fine granular graphite, when added to the pouring ladle, 
exerts a pronounced inoculating effect, but the magnitude of its 
influence is not always uniform for the addition of increasing in- 
crements. Such graphite burns quite readily at the temperature 
of the molten iron and, as a consequence, a large percentage of 
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Fig. 7 (Tor) —Grapnire Nucier Present tN Merat INocULATED wirH GraPHiITe ELECTRODE 
at 2500°F. (x1000). (Botrom)—GrapHiITeE NucLer PRESENT IN METAL INOCULATED WITH 
GrapHiteE ELecrrope at 2900°F. (x1000). 
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the material originally added to the ladle is dissipated by burning 
rather than being absorbed by the molten iron. 


17. When a graphite electrode is used and permitted to float 
on the iron in the ladle up until the very instant that the molten 
iron is poured into the mold, there is always an extraneous source 
of carbon present in a form which has a definite available surface 
and, as a consequence, a more or less constant and uniform effect 
on the graphitizing behavior of the metal. 


18. To quantitatively demonstrate the effect of both of these 
types of materials, melts were made in the high frequency induc- 
tion furnace at two rather extreme temperatures, namely: 2500 


and 2900°F.; utilizing in one set of melts a piece of graphite elee- 


trode as the inoculant and in the other loose granular Mexican 
graphite 


Ex permmental Procedure 


19. The experimental procedure, when using the graphite 
electrode, was as follows: The charge consisted of approximately 
12,000 grams of wheel iron, and the small deficiencies in silicon 
and manganese were added in the form of ferroalloys at a tempera- 
ture of 2400°F. on heating. The melt then was heated further 
to the desired maximum melting temperature, a test piece and 
shot sample poured from the untreated metal, and the remaining 
iron then inoculated with a small piece of graphite electrode. 


50. To afford sufficient opportunity for the electrode to inocu- 
late the metal, it was held for approximately 5 to 6 min. and then 
a second test piece and shot sample were poured. 


51. The piece of graphite electrode then was removed from 
the metal and the temperature maintained by means of a com- 
paratively small energy input to the furnace. At 4 min. intervals, 
additional test pieces were cast until a total of four had been 
poured. A shot sample was poured along with the final test piece, 
which was cast 16 min. after the piece of graphite had been re- 
moved from the surface of the metal. 


52. The behavior of the metal heated to temperatures of 
2500 and 2900°F. is summarized in Tables 3 and 4, and further 
shown in the photographs of the fractures of test pieces (Figs. 
8 and 9). In addition, Fig. 10 represents the graphitie carbon 
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No. | No. 2 No. 4 No. 6 
8 Min. 16 Min. 
After After 

Straight Inoculated Removal Removal 








8—PERSISTENCE OF INOCULATION aT 2500°F, GrapHire ELEectTrope 
was Usep as INOCULANT, 





No. 2 No. 4 No. 6 
8 Min. 16 Min. 

After After 
Inoculated Removal Removal 
Ad! — | 


PERSISTENCE oF INOCULATIUN aT 2900°F. Grarnite ELectrone 
was Usep as INOCULANT. 
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Fic, 10—GrapHite Nuciet Present rn Meta INOCULATED aT 2500°F. with GRAPHITE 
ELectTropeE 16 Min. Arrer REMovAL OF INOCULANT. (x1000). 


existing in metal which had been subjected tO a maximum melting 
emperature of 2500°F., inoculated, the inoculant removed and 
the metal held for 16 min. The graphitic carbon present shows 


icle1 have persisted for this leneth of time after once 


introduced into the metal. A photomicrograph was 


, 


for the shot sample taken from the metal which was 
subjected to 2900°F., inoculated and subsequently held for 16 


fy 


min. al 


not ineluded 


er removal of the inoculant, since no great difference in 


behavior between this and the melt at 2500°F. was observed. 


s observed from Table 3 that the behavior of the 


Table 3 
(‘HEMICAL ANALYSES AND CHILL DEPTHS ON TEst PIECES POURED 
aT 2500°F.—Usina GRAPHITE ELECTRODE 


—After Removing Graphite— 
Strt. Inoe. 4min. 8 min. 12 min. 16 min. 
Total Carbon, per cent.... 3.57 3.58 3.£ 3.56 3.53 3.55 
Graphitic Carbon, per cent 0.04 0.06 . 0.05 0.05 0.04 
Percentage of total carbon 
that is graphite as tee € 1.41 142 1.13 
Depth of chill on test piece 
(in sixteenths of an inch) 25 17 7 20 20 
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Table 4 


(CHEMICAL ANALYSES AND CHILL DEPTHS ON TEst Preces POURED 
AT 2900°F.—Ustna GrapHiTre ELECTRODE 


—After Removing Graphite— 
Strt. Inoc. 4min. 8min. 12 min. 16 min. 
Total Carbon, per cent.... 3.63 3.70 d 3.69 3.68 3.67 
Graphitic Carbon, per cent 0.03 0.14 ; 0.12 0.11 0.09 
Percentage of total carbon 
that is graphite . 3.78 ' 3.25 2.99 2.45 
Depth of chill on test piece 
(in sixteenths of an inch) White 17 20 20 21 


metal, which had been heated to a maximum temperature of 2500°F. 
is quite as would be expected. The graphitic carbon content of 
the chill shows a substantial increase immediately upon inocula- 
tion and thereafter remains practically constant. The amount of 
carbon pick-up by the metal is so small that the total carbon con- 
tent of the iron exhibits no increase. Furthermore, it remains 
essentially constant throughout the entire melting operation, in- 


eluding the 16 min. during which the metal was held after inocu- 
lation and removal of the graphite electrode stub. 


54. The metal which had been subjected to a maximum melt- 
ing temperature of 2900°F. behaves as might be expected of metal 
subjected to such a high degree of superheat. The graphite inocu- 
lant no longer acts merely as a source of graphite nuclei, but in 
addition furnishes a source of carbon for actual carbon pick-up 
due to the very much greater solubility of carbon in iron at these 
elevated temperatures. Coincidental with the higher total carbon 
obtained, the graphitic carbon content of the chill also rises. As 
the iron is held at temperature, there is a small loss in total carbon 
content, and the graphitic carbon content steadily diminishes, 
again due to the increased solubility of the carbon nuclei at high 
superheats as well as the decreasing total carbon content. As a 
result of the loss of earbon nuclei, the chill depth of the metal 
increases slightly but measurably. 


55. The previously described two experiments supply addi- 
tional evidence to support the theory that one of the basie factors 
influencing the graphitizing behavior of the iron is directly at- 
tributable to the number of residual carbon nuclei remaining in 
the metal under a given set of melting conditions. When using 
lower melting temperatures (less than 2700°F.), a fair amount of 
graphite nuclei remain in the molten metal, but if the metal is 
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heated to higher temperatures the carbon nuclei largely will dis. 
solve because of the increased solubility of carbon in iron at the 
higher temperatures. Even when an extraneous seurce of graphite 
is supplied to the metal, unless an ever present supply is main. 
tained, the previously introduced carbon nuclei will eventually 
dissolve if the metal is held for long periods at high superheats 
and merely serve to increase the total carbon content, thus leading 


rraphitization during the process of normal cooling 


to increased g 


06. Having once established the graphitizing behavior of the 
metal which had been inoculated through the use of a graphite 
electrode, additional work was then undertaken to study the in- 
fluence of loose granular Mexican graphite additions to the molten 


iron. The experimental procedure for these tests was identical 


as when using the graphite electrode, except that the granular 
graphite could not be bodily removed from the metal after the 
first inoculated test piece had been poured. A summary of the 
results obtained by using Mexican graphite is given in Tables 


5 and 6 


Table 5 
PERSISTENCE OF INOCULATION AT 2500°F. Ustna MEXICAN GRAPHITE 
(6 GRAMS — 0.05 PER CENT CARBON) 


—After Pouring Inoculated 
Test Piece 
Strt. Inoc. 44min. 8 min. 12 min. 16 min. 
Total Carbon, per cent.... 3.61 3.63 3.58 3.58 3.59 3.53 
Graphitic Carbon, per cent 0.05 0.06 9.06 0.06 0.06 0.05 
Percentage of total carbon 
that is graphite 1.65 1.68 1.68 1.67 1.41 
Depth of chill on test piece 
(in sixteenths of an inch) { 20 


Table 6 


PERSISTENCE OF INOCULATION AT 2900°F. Ustna MExIcAN GRAPHITE 
(6 GRAMS = 0.05 PER CENT CARBON) 


After Pouring Inoculated— 
Test Piece 
Strt. Inoc. 4 min. 8 min. 12 min. 16 min. 
Total Carbon, per cent.... 3.61 3.60 3.60 3.61 3.59 3.59 
Graphitic Carbon, per cent 0.03 0.03 0.03 0.03 0.02 0.02 
Percentage of total carbon 
that is graphite p 0.83 0.83 0.83 0.56 0.56 


Depth of chill on test piece ; 
(in sixteenths of an inch) White White White White White White 
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No. | No. 2 No. 4 No. 6 
8 Min. 16 Min. 
After After 
Straight Inoculated Inoculation Inoculation 





Mexican GRAPHITE 
was Usep as TNocuiant 
No. 3 No. 6 
4 Min. 16 Min. 
After After 


Straight Inoculated Inoculation Inoculation 


. 


Fic. 12—PrrsistENCE oF INocULATION aT 2900°F, Mexican GRAPHITE 
was Usep as INOCULANT. 
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57. The character of the chill in the test pieces is recorded 
in Figs. 11 and 12. Micro-examination of the shot samples taken 
from these melts revealed that the quantity, size and distribution 
of the graphite nuclei was practically identical with that obtained 
from melts in which a stub electrode was used, when the maxi- 
mum melting temperature was limited to 2500°F. However, the 
melt which had been inoculated with Mexican graphite after hay- 
ing been superheated to 2900°F. showed no increase in nuclei 
over the original metal, probably because of the rapidity with 
which the carbon nuclei were dissolved at this high temperature, 
and the rapid rate at which granular graphite is dissipated by 
burning on the surface of the iron before it has an opportunity 
to affect the metal. 


58 The results on metal whieh had been inoculated at a 
temperature of 2500°F. with Mexican graphite are shown in Table 
5. It can be observed that there is an increase in graphitic ear- 
bon, but the amount of this increase tends to be less than when 
a graphite electrode is used. Similarly, the reduction in the depth 
of chill is only 4/16ths of an inch compared with 8/16ths of an 
inch when using a graphite electrode as the inoeculant. The quan- 
tity of graphitic carbon introduced by inoculation remains prac- 
tically constant if the metal is held at a temperature of 2500°F. 


59. Metal melted at 2900°F. and inoculated with Mexican 


graphite behaves quite as would be expected. No measurable in- 


erease in graphitic carbon resulted from inoculation, indicating 
that the Mexican graphite which had been added to the melt was, 
to all practical purposes, completely spent by burning when float- 
ing on the surface of the iron before it had an opportunity to be 
absorbed by the metal. In addition, it becomes evident from the 
table of results (Table 6) that sustained heating at high tempera- 
tures, such as 2900°F., causes a gradual! decrease in the percentage 
of graphitic carbon remaining in the melt. For example, originally 
0.83 per cent of all of the carbon present in the melt existed in 
the form of graphitic carbon, but after holding for 16 min., only 
a little more than one half of the original amount still remained 
in the graphitie condition. 


APPLICATIONS TO THE FOUNDRY 


60. Once having established, on a laboratory scale, the rela- 
tionships described, the next step was to determine whether repeti- 
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tive results could be obtained under actual foundry operation. 
The effect of both pouring temperature and graphite inoculation 
on the depth and character of the chill in standard 33-in. diameter 
car wheels has been thoroughly studied. This was done by pour- 
ing groups of 25 or 50 wheels in certain parts of a day’s heat under 
the control and supervision of the laboratory staff. These wheels 
were subjected to the same rigorous inspection and tests that are 
given to the standard product. 


Effect of Pouring Temperature 


61. The initial investigation was made by pouring wheels 
in pairs. A double-capacity, bottom-pouring ladle was filled from 
the reservoir ladle and a wheel was immediately poured as soon 
as the ladle could be transported to the pouring station. The re- 
maining metal in the ladle was held for a predetermined length 
of time and the second wheel then poured. The temperature of 
the iron was measured by sighting on the stream of metal at the 
reservoir ladle with an optical pyrometer and by the use of an 
immersion type of pyrometer in the pouring ladle. The wheels 
were treated in the same manner as the regular product. Fig. 13 
shows a comparison of two such wheels. 


62. The wheel in Fig. 13 (Top) was poured as soon as pos- 
sible after filling the transfer ladle at the reservoir ladle. The 
elapsed time between filling the ladle and pouring this wheel was 
one minute and the temperature of pouring was about 2400°F., 
representing a loss in temperature of 75° from the bull ladle to 
the mold. 


63. The second wheel, shown in Fig. 13 (Bottom), was cast 
at a temperature of 2275°F. from the remaining metal in the 
ladle after it had been held an additional 15 min. The differences 
in the two wheels with regard to the depth and character of both 
the chill and mottle is nicely portrayed. The wheel, poured from 
metal that had been held and permitted to cool in the ladle, has 
a narrow mottled zone, with a sharp transition between the chill 
and the backing metal. 


Effect of Inoculation 


64. A working technique was developed to aecomplish a re- 
finement of the mottled zone and yet have an acceptable depth of 
chill on the wheel by means of inoculation with graphite. A stub 
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of standard graphite electrode was placed in the pouring ladle as 
it was being filled at the reservoir ladle and the graphite stub 


permitted to remain in the ladle and float continuously on the 


surface of the metal until it was necessary to replace it. The in- 
terval, during which a particular stub retains its inoculating 
efficiency, has been determined by experiment. In the course of 
these experiments, it was found that inoculation with graphite is 
so potent in reducing depth of chill that it is necessary to either 


start with a base iron which originally would produce a greater 


Fic. 18— (Torp)—Srrucrure of WHEEL Pouxrep OnE Minute AFTER Fitiine Lapie. Pour 

ING TEMPERATURE APPROXIMATELY 2400°F. (Borrom)—StTructuRE oF WHEEL Pourep 16 

Mix. Arrer Fritrnc Lape. Pourtnc TEMPERATURE APPROXIMATELY 2275°F. (REDUCED 
SLIGHTLY More THan % 1N REPRODUCTION). 
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Fic. 14 (Top)—Derrrn anp CHaracrer of CHILL IN NoNn-INOCULATED Wee. Iron. (Bor- 


ToM)—DeprH aND CHARACTER OF CHILL IN WHEEL IRON INOCULATED WITH GRAPHITE 
1 


E.ecrrope. (Repucep SLIGHTLY MorE THAN % IN REPRODUCTION). 
depth of chill than would normally be desired, or to use a strong 
carbide stabilizing element, such as chromium or tellurium, in 
conjunction with the use of graphite in iron of normal chilling 


tendencies. 


65. Fig. 14 shows two fractures selected to show the effect 
of graphite inoculation on a test group of 50 wheels. The wheel 
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depicted in Fig 14 (Top) was the last wheel poured from cupola 
metal prior to inoculating with the stub electrode of graphite 
Fig. 14 (Bottom) is a fracture of a wheel poured after inoculatio; 
had been initiated. A comparison of the two will show the ben 


fits to be derived from graphite inoculation 


66. Such treatment results in narrowing of the mottled zone, 
thus yielding a sharper transition between the chill and gray iron. 
Although the chill depth may be somewhat reduced, this can be 
compensated for by the methods previously described. The frac- 


ture of a wheel which was treated by graphite inoculation, balanced 
by an addition of 3 grams of tellurium, is shown in Fig. 15. The 
improvement accomplished by such treatment is obvious when 
chill of this type is compared with that shown in Fig. 14 (Top). 


67. The metal in Fig. 15 will possess excellent wear resistance 
in service and at the same time probably possess better resistance 
to impact stresses in service which might prove damaging to the 
type of metal in Fig. 14 (Top). Laboratory tests have tended to 
confirm such a belief. The use of graphite inoculation in conjunc 
tion with a carbide stabilizing element is now in fairly wide-spread 


use in foundries manufacturing chilled tread car wheels 


68. More recent experiments in the foundry utilizing Mexican 


Fro. 15—Derre anp CHARACTER oF CHILL rN WHEEL IRon INOCULATED WITH GRAPHITE 
ELecrropE AND SIMULTANEOUSLY TREATED WITH TELLURIUM AppITION. (REDUCED SLIGHTLY 
More THAN % IN REPRODUCTION). 
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graphite, involved the addition of this material in a comparatively 
coarse size, ¥g to %4-in. Additions of this particle size appear to 
have a more potent effect on the metal than when graphite elec- 
trodes are used in the ladle. It seems reasonable to suppose that 
this is due to the greater rapidity with which comparatively fine 
particles will be absorbed by the iron because of their greater 
surface area. The use of Mexican graphite, because of its speedier 
absorption, may prove advantageous in some instances. Further- 
more, it has been possible to produce an even narrower mottled 
zone than when using an electrode, owing to the apparently more 
potent effect of granular graphite as compared with an electrode. 


CONCLUSIONS 


69. As a result of the experiments recorded in this paper, 
the authors have concluded that: 


1. An inerease in the maximum temperature to which 
the molten metal is subjected causes an increase in the depth 
of chill in a chilled easting. This has been shown to be due 
to the progressive solution of graphite nuclei, which, had they 
remained, would act as centers of precipitation of graphite 
during subsequent solidification. 


2. When the maximum temperature of the iron does not 
exceed approximately 2700°F., decreasing pouring tempera- 
tures produce a decreasing depth of chill and a refinement of 
the mottled zone in a reasonably large casting such as a car 
wheel. Apparently, the comparatively slow cooling of the 
metal in the ladle permits precipitation of graphite nuclei, 
which act to cause precipitation of more graphite upon solidi- 
fication. Cooling in the mold suppresses nuclei formation and 
consequently pouring from the higher temperatures yields a 
greater depth of chill. 


3. Iron, which has been melted at temperatures in excess 
of 2700°F., exhibits a decrease in depth of chill and in hard- 
ness of the mottled areas as the pouring temperature is de- 
creased. Iron melted at such temperatures is particularly 
hard to control, since the subsequent pouring temperature 
exerts a more pronounced influence on the depth of chill. 
This type of iron is characterized by a coarsely dispersed 
mottled zone. 
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4. Care must be exercised in controlling chill depth by 
controlling pouring temperature since it is necessary to pour 
at temperatures consistent with sound castings. 


o. An extraneous source of graphite in contact with the 
molten iron serves to introduce nuclei which act to reduce 
the depth of chill and narrow the mottled zone. Such graphite 
inoculation is so potent that it is necessary to compensate for 
it by the simultaneous use of a strong earbide stabilizing ele- 
ment, such as chromium or tellurium. 
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DISCUSSION 


Presiding: J. W. BoLTON, Lunkenheimer Co., Cincinnati, Ohio. 


Co-Chairman: R. G. MCELWEE, Vanadium Corp. of America, Detroit, 
Mich. 


CHAIRMAN BOLTON: In this paper, the author undoubtedly has 
secured some very practicable and useful results. Some of his theoretical 
conclusions might be open to question. They ran the experiment of 
dropping small pellets of cast iron into water and assumed that, because 
he found the graphite after these rapid conditions of cooling, the 
graphite was necessarily present in the liquid phase. I do not think that 
is necessarily so and I think it can be shown by an analogy in the iron- 
carbon diagram. Austenite is stable above a certain temperature range. 
No matter how speedily you cool certain classes of steel or iron, you do 
not get completely retained austenite and it is necessary to add elements 
which retard the rate of transformation. 
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The reaction in formation of graphite often is very fast. Work 
has been done that has thrown great doubt upon the original graphite 
nuclei theory, indicating that at temperatures above the liquidus, carbon, 
as graphite, is completely soluble. 


Mr. MAssariI: I agree with Mr. Bolton’s remarks. I would like to 
add this, however. It is true, likewise, that we have done the reverse, 
namely, assuming that the theory may be in error to a degree, the 
effect that the introduction of graphite from an extraneous source has 
had on the melt gives reasonable support to the belief that the graphite 
nuclei probably were not present or the metal would not have behaved 
as it did. The very fact that you could obtain the behavior that the 
iron exhibited through the introduction from an extraneous source, is 
fairly good proof. Likewise the fact that the effect persisted when the 
extraneous source of carbon was introduced at low temperatures, 
whereas at higher temperatures, the effect did not persist, probably due 
to the more rapid solubility rate of carbon at such temperatures is also 
pretty good evidence that there is some foundation for the belief that 
either the existence or absence of carbon nuclei in the molten metal 
may have been responsible for its behavior. 


Mr. Bo-ton: Investigators seeking to prove this solubility of carbon 
in molten iron found that it was necessary to use a very pure type of 
carbon, such as sugar charcoal to show that carbon itself is soluble. 
For example, Piwowarsky found, as the present authors did, that when 
he used an ash producing type of carbon, the ash introduced enough 
silicates to lead to the belief in the silica slime theory, rather than the 
carbon nuclei theory. 


Mr. MAssArRI: Actually, the ultimate result that you obtain, pro- 
viding it is the result you are after, is the important consideration. 
These various theoretical aspects are only of rather personal interest 
among any one of us. I take the stand that I am rather resentful of 
establishing some highly hypothetical theory as to what is responsible 
for the effect. It is rather easy to postulate a silicate slime theory, 
as well as the effect that dissolved gases might have, among others 
because they are all definitely intangible, difficult either to support 
or to oppose. Consequently, I will leave your final deductions as you 
might see fit to follow. 


Max KUNIANSKY!: Some of my remarks go back to the previous 
paper but we found in our chilled irons, just as stated in this paper, 
that if we melt quite hot and start pouring at 2700°F. the chill will 
drop progressively with the pouring temperature between the first and 
last castings poured. 


Mr. Massari: When we refer to maximum melting and pouring 
temperatures, to make arbitrary statements regarding either is stepping 
on rather dangerous ground, in my opinion. I believe that iron of a 
particular chemical equilibrium which is poured into a given casting 
can be melted at a certain optimum, maximum melting temperature 


4General Manager, Lynchburg Foundry Co., Lynchburg, Va. 
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and poured at a certain optimum temperature to best satisfy the require- 
ments of iron of that particular chemistry in a casting of a particular 
section thickness. I do not think that the same iron can be poured at 
the same temperature most effectively into a mold from which we expect 
to get a casting, in one instance, that has a section thickness of 3-in. 
and in another instance one that has a section of %-in. The thermal 
equilibrium within the mold will influence the behavior of that metal in 
the process of solidification and, as a consequence, iron that is poured 
at a very high temperature into a mold having heavy section thicknesses, 
will not give you the best result; likewise, we realize also that it is 
wrong to pour the same iron at a low temperature into a casting whose 
section thicknesses are small, 


Co-CHAIRMAN MCELWEE: I do not offer this as a criticism of the 
method of investigation, but in our own work with inoculants, the 
method of melting was found to be quite influential. Cupola irons do 
not behave the same as induction furnace heats of the same composition 
with respect to late treatments. I think other people have had that 
same experience. 


JOHN ERLER?: I have read the paper with a great deal of interest. 
I would like to say that in our own practice in making chilled iron, we 
have found the same results in the 10 ton electric furnace as to the 
temperature effect on chill obtained. It has been our experience that 
if we tap metal for chilled iron rolls above 2800°F. we find great dif- 
ficulty in controlling the depth of chill, which at the above temperature 
range increases rapidly. Ferrosilicon used for the adjustment of 
depth of chill is much more effective as compared to metal tapped 
1000°F. less. I do not know the size of the melting unit which was 
used in the author’s experiment, but it is quite interesting that a small 
unit should give the same results as the large one which we are using. 


I would like to ask the author the effect of inoculation with 
graphite on depth of chill if the metal is poured against a chill after 
cooling longer than 16 min. Do decreases of pouring temperature and 
depth of chill go parallel if the metal is inoculated with graphite, or 
is there a pronounced change in their relation to each other at a certain 
temperature? 


Mr. MAssari: I think the effect that pouring temperature has on 
chill depth in iron of a given composition is gradually progressive. Like- 
wise, I can say that a given inoculation with graphite does persist 
over quite considerable periods of time, as nearly as we are able to tell, 
although it is extremely doubtful if it persists in entirety for 60 min. 


Co-CHAIRMAN MCELWEE: I think it should be mentioned here, for 
the benefit of a great many of you who are making automotive or softer 
irons, that you should not be alarmed by the degree of change which 
takes place in an iron of the car wheel type. In other words, you should 
not expect to get the same measurements of chill that you saw here in 
your automotive irons. It should be remembered that this is a very low 


*Metallurgist, Farrel-Birmingham Co., Inc., Ansonia, Conn. 
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silicon iron that was discussed with the use of these slides. This is not 
intended as a criticism; it is just to point out that these same degrees 
of chill variations should not be expected with other types of iron. 


R. J. ZEMANEK? (Written Discussion): The authors are to be com- 
plimented upon the excellent evidence they offer in further clarifying 
the action underlying the strong graphitizing effect of late graphite 
additions to molten gray iron. The experimental results described ably 
fortify the graphite nuclei theory and are very heartening to the writer 
who has long felt that this could be the only plausible explanation for 
such potent graphitizing action. The small graphite additions employed 
(usually less than 0.10 per cent) cause no appreciable change in analysis, 
but produce notable physical differences. After having observed the 
powerful chill reducing effect of additions of granular No. 8 Mexican 
graphite to a wide range of gray irons in the field for several years, 
the writer confirms the findings shown and has gathered a great number 
of test records which indicate definite improvements are obtained in 
transverse strength and deflection of treated irons. A marked reduction 
in hardness and an increase in machinability was usually apparent. 


The potency of granular Mexican graphite additions is definitely 
dependent upon the method of addition, the particle size used, metal 
temperature, holding time, metal analysis, and other factors. According 
to our experience several details of technique might be considered to 
explain the apparent discrepancy between results noted in the laboratory 
and those in actual practice pertaining to the comparable effects of 
granular Mexican graphite and graphite electrode used as an inoculant. 


Additions of graphite were made by placing these onto the melt 
surface. No attempt was made to stir the addition into the melt, and 
the metal was cast directly from the furnace. During long observations 
of various addition-technique, this method usually produced results 
leading to the belief that only the top layer of melt was affected. The 
graphite being exposed also was able to burn and become entrapped 
by slag particles floating on the iron surface. The first samples cast 
would show definite effects of strong inoculation which tended to fade 
in the final metal poured. Even when used in excess, this fading effect 
was noted; and the graphite floating on the surface was difficult to 
skim. When bottom pour ladles were used, no apparent effect could 
be noted following this treatment until after most of the metal was cast, 
whereupon the inoculated top layer of metal would then produce strongly 
graphitized pieces. 


Ordinarily insufficient metal turbulence exists to enable the light 
particles of graphite issuing from the inoculant to be drawn downward 
into the melt and become uniformly dispersed throughout, particularly 
where appreciable metal depth is encountered. Such stagnance reduced 
the potency of addition and produces inconsistent results between the 
first and final metal cast if it be assumed that but one initial holding 
time be practical to effect treatment of the entire ladle. This fading 


‘Metallurgist, U. S. Graphite Co., Saginaw, Mich. 
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action is in direct proportion to the melt depth and existing turbulence 
and would produce considerable variance in a deep foundry ladle. It 
follows that consistently effective results could be more easily obtained 
by a floating treatment of 25 lb. of metal in an induction furnace than 
would be possible when treating a ladle containing 1500 lb. of quiet metal. 


Following these and other observations, a technique was developed 
whereby consistent results are obtained in the entire melt when using 
a granular No. 8 Mexican graphite. This involves introducing a con- 
tinuous trickle onto the molten stream as the ladle fills by using a 
metering device, thus insuring that all of the metal pouring from the 
melting unit comes into contact with the graphite particles and carries 
them downward into the metal. The metal turbulence during filling of 
the ladle further stirs the Mexican graphite into the melt and insures 
effective dispersion and absorption. When the No. 8 size granule is used 
in the proper quantity, there will be no excess floating upon the ladle 
surface; and the last metal poured will be as effectively treated as the 
first. Full efficiency is realized as no graphite is lost by burning. A 
long holding time is unnecessary and full graphitizing power is realized 
in about two minutes, depending, of course, on metal analysis, tem- 
perature, etc., which would cause some variance. The chill reduction 
desired is easily controlled by merely increasing or reducing the size 
addition. Obviously a piece of graphite electrode would not be suited to 
such technique, and the major portion of extraneous graphite would 
have to be derived during the floating period. A greater time would 
be necessary for this method to produce results, while the electrode 
surface is constantly diminishing with respect to the metal, and the metal 
temperature is falling. Moreover, the fading tendency mentioned might 
prove costly. The presence of an electrode makes the ladle difficult to 
skim if top poured. If not removed, the slag will coat the graphite 
surface and prevent solution. 


Paragraph 68 mentions that more recent experiments show Mexican 
graphite to be more potent in the foundry than when graphite electrodes 
were used. It was noted that Mexican graphite was absorbed more 
rapidly by the iron and gave a more desirable result than when elec- 
trodes were used. It is stated that a narrowed mottled zone is also 
produced when using Mexican graphite as compared to electrodes. Un- 
doubtedly, several of the aforementioned factors have become recognized 
during practical application, and a comment from the authors would 
be welcome on these points if better results were secured by using some 
other addition technique. 


It seems logical to assume that more uniform results from ladle to 
ladle can be secured by a definite separate addition of granular Mexican 
graphite to each ladle as compared to continued use of an electrode 
whose weight and surface area are constantly diminishing with each 
ladle treatment. 


It is stated 6 grams 0.05 per cent of granular Mexican graphite 
were used (Tables 5 and 6) during treatment. No mention is made of 
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the amount of electrode used, or what weight of electrode was used. 
and what loss in weight was noted during treatment. Table 2 shows 
an increase in total carbon of 0.12 per cent, while Table 4 shows a: 
increase of 0.07 per cent for metal inoculated with an electrode at 
2900°F. Aside from the variance in carbon pickup, the figures would 
indicate considerable more than 6 grams were used. Some mention of 
the particle size of the granular Mexican graphite used would be ap 
preciated. Was this the % to %-in. coarse size mentioned in Paragraph 
68 or a fine ground material? 


It is startling to note the great number of graphite nuclei visibl 
at x1000 in the photomicrographs shown, and this would suggest a very 
fine flake structure under less drastic cooling. Was this finer structur: 
noted in the gray portion of the inoculated bars as compared to the 
base metal? The etched structures of the areas showing nuclei would 
be interesting, and attention is called to the nuclear patterns. These 
seem to outline a definite crystalline arrangement particularly as noted 
in Fig. 4. This may indicate that nuclei had become concentrated at 
the boundaries during formation of primary austenitic dendrites, or that 
additional nuclei had generated at the cementite-austenite interfaces 
during solidification of eutectic ledeburite. Under the drastic cooling 
employed, it is difficult to realize the velocity with which such conditions 
would have to occur. 


The use of tellurium as a carbide stabilizer is very interesting, 
inasmuch as only 3 grams need be used to treat 750 lb. of metal. It 
would be of interest to compare the amount of chromium it would be 
necessary to use to accomplish similar results. 


In the discussion involving the effect of maximum melting and 
pouring temperatures, no mention is made of the character, condition, 
or size of the chiller used to cool the bars cast. Was the chiller at room 


temperature before each cast, water-cooled, or slightly warmed? 


MESSRS. MASSARI AND LINDSAY (Authors’ Closure): The results 
appear to corroborate and substantiate the graphite nuclei theory and 
the results appear to have a definite industrial value, which is the im- 
portant consideration as far as most of us are concerned. 


Replying to Mr. Zemanek’s discussion, we are wholly in accord 
that the potency of granular Mexican graphite additions depends upon 
many factors. The manner of addition is of particular importance since 
we have found, as Mr. Zemanek mentions, that a certain amount of 
turbulence is necessary to make additions of this type of graphite take 
effect. We cannot agree that much difficulty is encountered in inoculating 
with a graphite electrode. It is true that the effect will diminish as 
the electrode surface area diminishes, but the effective life of an elec- 
trode has been well established and spent electrodes are replaced before 
any serious trouble occurs. The electrodes do not become coated with 
slag and we are not acquainted with any case where an electrode has 
lost its inoculating efficiency in this manner. 
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The weight of electrode used was definitely more than 6 grams. 
However, we are convinced that the increases in Tables 2 and 4, that 
Mr. Zemanek refers to, are primarily a function of the extremely high 
temperature (2900°F.). In other words, the avidity of the metal for 
carbon is great at this high temperature and molten iron in contact 
with carbon at such a temperature will readily dissolve it. However, 
if the same amount of carbon was in contact with molten iron at a lower 
temperature for the same length of time an equivalent pick up would 
not occur. (Refer to Tables 2 and 3 at 2500°F.) 


The granular Mexican graphite used was a finely ground material 
less than \%-in. 


No finer structure was noted in the gray portion of the inoculated 
bars as compared to the base metal. We can offer no comment to 
Mr. Zemanek’s remarks concerning the arrangement and position of 
the nuclei, since no observations of this nature were made. 


The chiller used was a cast iron plate, 1%-in. thick, with the 
chilling face machined. The chillers were at room temperature prior 
to each cast and a light coating of chiller paste was applied. 








1941 Report of 
Steel Division Committee on Impact Testing 


MEMBERS OF THE STEEL DIVISION, AMERICAN FOUNDRYMEN’S 
ASSOCIATION: 


At the meeting of the Steel Division Advisory Committee of 
the American Foundrymen’s Association at the convention in 
Chicago, May, 1940, your chairman felt the Steel Division Com- 
mittee on Impact Testing should be disbanded as the work of this 
committee seemed to be pointing toward the establishment of 
impact test methods, which work is being carried on efficiently 
by the American Society for Testing Materials. However, at the 
request of the Advisory Committee and particularly the chairman, 
Mr. Hall, it was decided to appoint a new Impact Testing Com- 
mittee, whose function would be merely fact-finding, to report at 
the convention this year whatever information had been developed 
in impact testing on steel castings. Therefore, the following com- 
mittee was appointed: 


R. A. Gezelius, General Steel Castings Corp., Eddystone, Pa 

W. C. Harris, Birdsboro Steel Foundry & Machine Co., 
Birdsboro, Pa. 

D. F. Sawtelle, Malleable Iron Fittings Co., Branford, Conn. 

H. F. Taylor, Naval Research Laboratory, Washington, D. C 

1. C. Troy, Dodge Steel Co., Philadelphia, Pa. 

L. C. Wilson, Chairman, Reading Steel Casting Div., American 
Chain & Cable Co., Inc., Reading, Pa. 


Your chairman has received information from most members 
of the committee that they have found nothing of importance to 
report to this convention. However, due to the cooperation and 
work of Commander J. J. Twomey, laboratory officer, Brooklyn 
Navy Yard, and his organization; W. C. Harris, Birdsboro Stee! 
Foundry & Machine Co.; H. F. Taylor, Naval Research Labora- 
tory; and Werner Finster, Reading Steel Casting Division of 
American Chain & Cabie Co., Inc., we were able to carry out tests 
requested at the Cincinnati convention in 1939 regarding impact 
strength of a strut casting and, in addition, a test on a smaller cast- 


Nore: This report was presented at a session on Steel Founding at the 45th Annual 
4.F.A. Convention, New York, N. Y., May 15, 1941. 
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ing in order to compare, if possible, results with those obtained 
on the large strut casting. To these men, I wish to give the thanks 
of the committee and the American Foundrymen’s Association for 
their efforts. 


Definite conclusions cannot be drawn from one or even two 


tests, but the results of both of these tests are submitted herewith 
for whatever bearing they may have on impact testing of stee! 


castings. 


Origin of Project 

During the discussion of the A.F.A. Impact Committee at 
Cincinnati in 1939 on impact testing and impact properties of cast 
steel and the application of impact values to steel castings, it was 
decided, following a suggestion by W. J. Jeffries, then with the 
U. 8S. Navy, that test coupons be cast attached to a strut casting 
at various locations and that impact test specimens should be 
prepared from these coupons to check. the impact properties of 
cast steel at various locations on the casting. 


William Harris, metallurgist, Birdsboro Steel Foundry & 
Machine Co., Birdsboro, Pa., offered to attach coupons to a strut 
casting for this test and N. A. Kahn, metallurgist, materials labora- 
tory, Brooklyn Navy Yard, expressed his willingness to arrange 
for testing of the impact specimens. 


Location of Test Coupons 

Six test coupons were cast attached in the horizontal position 
to the arms of the strut both on the inside and on the outside of 
the two arms, at the end of the strut arms as well as adjacent to 
the barrel section of the strut. Also two test coupons were cast 
in a vertical position attached to the barrel. Both the arm and 
the barrel sections to which the test coupons were attached were 
approximately 3-in. thick. 


Analysis and Physical Properties 
The strut, which weighs approximately 25,000 lb., was cast 
from a heat which had the following chemical composition : 
Carbon, 0.25 per cent; Manganese, 0.54 per cent; 
Silicon, 0.48 per cent; Phosphorous, 0.032 per cent; 
Sulphur, 0.028 per cent. 
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Heat Treatment 
The following heat treatment was given to the strut casting 
The furnace charge containing the strut was brought t 
1650°F. in 8 hr., held at 1650°F. for 8 hr. and furnace cooled 


in 12 hr 


\fter the heat treatment, tensile test specimens were prepared 
rom 2 test coupons cast horizontally attached to the arms and 


from one of the 2 test coupons cast attached vertically to the barre 
The results of the tensile test on the three specimens is show: 
in Table 1 
Table 1 
TENSILE TEST PROPERTIES OF THREE TEST COUPONS 


Tensile Strength, lb. per sq. in. 70,800 70,400 71,000 
Yield Point, lb. per sq. in. 37,500 37,400 37,550 
Elongation in 2 in., per cent 29.5 30.0 28.0 
Reduction of Area, per cent 48.0 48.0 49.0 


It. will be noted that the tensile properties check very closely 
for the three test specimens taken from three different locations 


on the casting. 


At the Cincinnati meeting, it was suggested that tensile impact 
specimens be used. However, just prior to the tests, Commander 
J. J. Twomey, laboratory officer, Brooklyn Navy Yard, suggested 
that Charpy impact specimens be submitted along with the tensile 
impact specimens. Owing to the fact that the coupons cast on the 
strut were not sufficiently large to obtain Charpy impact specimens 


of a size 1.182-in. square and 6-in. long, as requested, it was only 
possible to furnish the tensile impact specimens and these are the 


only tests we were able to obtain. 


Tensile Impact Results 

The tensile impact specimens were machined to a 2-in. gauge 
length of 0.394-in. + 0.001-in. diameter and had a 1/64-in. radius 
at the junction of the 0.394-in. threaded ends. The tensile impact 
tests were conducted at the materials laboratory of the United 
States Navy Yard, New York City, through the courtesy of Com- 
mander J. J. Twomey, U. S. N., laboratory officer, on approval of 
the tests by the Bureau of Ships. The tests were made on an 
impact machine with a pendulum energy of 1000 Ib. at a tempera- 
ture of 62°F. The results are shown in Table 2. 
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Table 2 


REsSULTs oF TENSILE Impact TESTS 


Elongation Reduction 

Deo Ly Dr in 2 in., of Area, Enerqu 

in. in, in. Per Cent Per Cent Ft. th 
0.3894 243/64 0.272 33.5 52.2 540 
0.8938 243/64 0.276 33.5 51.0 520 
0.395 237/64 0.283 28.8 48.4 455 
0.395 242/64 0.274 32.8 51.6 505 
0.394 242/64 0.274 32.8 51.6 510 


~~ 
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length of test bar; Le gauge length; De -— original diameter 
rauge length after test; De — diameter after test. 


In submitting the results of the test, Commander J. J. 


lwomey commented that the results obtained were only slightly 


ower than the value of 525 ft. lb. usually obtained for medium 


‘arbon steel 


an 
fonmments on Tests 


As we have only this one test available, no conelusion ean be 
drawn. Also, as the type of casting involved cannot be heat treated 
except by full annealing under the U. S. Navy Specifications to 
whieh it was made and also due to its design, no comparison on the 
influence of heat treatments, other than full annealing, on the 
impact properties of cast steel coupons attached to strut castings 
can be obtained. 


However, we do believe that the results obtained permit the 
tollowmg comments: 


1. The tensile properties obtained on three test speci- 
mens from three different locations were very uniform, indi- 
eating that little variation in chemical composition could have 
existed throughout the casting, also that the casting was very 
uniformly heat treated. 


2. Very uniform elongation and reduction of area results 


were obtained on the four tensile impact test specimens which 
had been east in the horizontal position, namely, specimens 
1, 2,4 and 5. The lowest elongation of these four specimens was 
only 0.7 per cent lower than the highest elongation, i. e., was 
only 2.1 per cent less than the highest elongation value. The 
lowest reduction of area was only 1.2 per cent less than the 
highest result or only 2.3 per cent less than the highest redue- 
tion of area value. The average tensile impact strength of 
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these four specimens ran between 505 and 540 ft. lb., with an 
average impact strength of 519 ft. lb. and the lowest impact 
value 6.5 per cent lower than the highest value. 

3. The results obtained on tensile impact specimen No, 3 
which had been prepared from the coupon cast attached in 
the vertical position are lower than any on the bars cast in the 
horizontal position. Elongation is 4.7 per cent lower than the 
highest elongation on horizontally cast bars or 14 per cent 
lower than the highest elongation value. On reduction of 
area, the results are lower by 3.8 per cent and 7.3 per cent 
respectively. The tensile impact strength of 455 ft. lb. is 12.3 
per cent lower than the average tensile impact strength 
of the bars cast horizontally. 

4. While as stated above, no conclusions can be drawn 
from one test, there is an indication in the results obtained 
that the manner in which the test coupons are cast attached 
to the castings may influence the results of the impact tensile 
test to a greater extent than the results of the tensile test. 


Because of Mr. W. J. Jeffries’ suggestion at the Cincinnati 
meeting, the above test results were referred to him and we appre- 
ciate the interest he has taken in going over the report, as indicated 
by the following comments: 


‘er 


rhe impact properties shown by the specimens are much 
better than I expected to find. The uniformity in various 
sections of the strut is very gratifying; however, the static 
tensile properties are certainly more uniform than the impact 
properties, indicating to me that there is greater sensitivity 
exhibited by the impact characteristics of the casting than is 
shown by the static tensile test. 


‘*With the limited amount of data available, I feel that 
the impact test can be relied upon to afford greater sensitivity 
in judging the physical characteristics of a casting of the type 
tested. The same may not hold true with more massive types 
of castings. It would, therefore, be of interest to not only 
repeat the test on another casting of a similar type, but also 
to make a tensile impact test of a casting more generally 
massive. 


‘‘T think, however, that the result obtained has justified 
the work done and affords information not heretofore avail- 
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able in the technical press. I appreciate your affording me an 
opportunity to review this work, and trust that the American 
Foundrymen’s Association will be inclined to do further work 
along this line.”’ 


Charpy Specimens 

The tests conducted by Howard F. Taylor, Naval Research 
Laboratory, differed from the experiment mentioned in that 
Charpy key-hole notched specimens were employed which had been 
eut from sections of a casting instead of having been prepared 
from test coupons cast attached to a casting, as was the case with 
the strut casting discussed. 


The casting from which the Charpy key-hole notched impact 
specimens were machined was a welding end 6-in., 1500 lb. gate 
body casting made to A.S.T.M. Specification A-216 Grade WCB. 
Chemical analysis and physical properties of the heat from which 
the body was poured are shown in Table 3. 


Table 3 
CHEMICAL AND PHYSICAL PROPERTIES OF CHARPY SPECIMENS 


Chemical Analysis 
Carbon, per cent 0.24 Physical Properties 
Manganese, per cent .... 0.70 Tensile Strength, lb. per sq. in. 72,100 
Silicon, per gent 0.30 Yield Point, lb. per sq. in. ... 43,600 
Phosphorous, per cent .. 0.026 Elongation in 2 in., per cent . 27.0 
Sulphur, per cent 0.036 Reduction of Area, per cent . 45.8 


Thirteen impact specimens were machined from the body. Two 
specimens each marked Nos. 1 and 3 were taken from the welding 
ends, which had 2-in. wall thickness; three specimens marked No. 2 
were taken from the side wall of the gate body adjacent to the 
guide ribs for the wedge; three specimens marked No. 4 were taken 
from a 2-in. wall section underneath the bonnet flange and three 
specimens marked No. 5 were taken from the center of the bonnet 
flange itself, which had a 41-in. cross section. 


The average impact results obtained by Mr. Taylor for each 
group of specimens are shown in Table 4. 


Discussion of Charpy Key-hole Test Results 

It will be noted that the impact test results obtained on the 
specimens taken from the welding ends (Nos. 1 and 2) and the 
body adjacent to the guide rib (No. 3) check very closely and that 
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Table 4 
RESULTS OBTAINED ON CHARPY KEY-HOLE NOTCHED SPECIMENS 


Ft. Lb., 
Specimens Marked ” t Charpy Key-hole 
No. 18% 
, 19 
18 
92 


23 
5 24 

specimens No. 4 taken from the 2-in. wall underneath the bonnet 

flange gave in this case a higher impact strength, just as the speci- 

mens No. 5 which had been taken from the center of the bonnet 

flange which represented the heaviest section of the casting, were 


also higher than specimens Nos. 1, 2 and 3. 


While it could be expected that specimens taken from the 
2-in. section should have higher impact properties than specimens 
taken from the 4-in. section, the result as mentioned showed the 
highest impact values for the specimens taken from the heaviest 


section. 


Time did not permit to check into the microstructure of al] 
five groups of test specimens to gain an explanation for the varia 
tion of results obtained and the data are included in this report 
only to bring out that results as obtained by impact testing will 


show variation at different locations in the same casting. 


In his contribution to the work of the Steel Division Commit- 


tee on Impact Testing, Howard F. Taylor stated that he had 
checked the literature quite thoroughly and could find no recently 


published work on the impact testing of cast steel. 


Sensitivity of Notched Impact Specimens 

Based on work which at present is being carried out in several 
projects at the Naval Research Laboratory, experiment with vari- 
ous type impact test specimens has shown that the vee-notched 
specimens are more sensitive to variations than the key-hole 
notched specimens and indications exist that the vee-notched spec 
mens may be more sensitive than needed for castings. However 


this work is still in unfinished state. 


Importance of Test Temperature 
The series of tests conducted at the Laboratory have brought 
out the importance of the test temperature, which greatly influ- 
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ences the results obtained. On tests conducted by C. E. Jackson 


‘ 


on plates ‘‘as rolled’’ and ‘‘welded plates’’ using vee-notched 
Charpy impact specimens, the results shown in Table 5 were 


btained. 
Table 5 
EFFECT OF TEMPERATURE ON Impact Test RESULTS 


At 40°F. “as rolled” 35 
At 40°F. welded plate 45 
At 16°F. “as rolled” 98 
At 75°F. welded plate 110 
At 100°F. “as rolled” 128 
At 100°F. welded plate 122 


These results show a very steep rise in impact test values 
using a Charpy vee-notched specimen over a temperature range 
from 40°F. to 100°F., which temperature range, while wider than 


would occur in temperatures prevalent in testing laboratories 


throughout the year, still brings out the importance that tempera- 


tures at which the tests were performed should be stated in econnec- 


tion with impact tests. 


f onclusion 


Your chairman would like to comment that the above experi- 
ments further emphasize the need for a great deal of research 
work and information on impact test values of castings before 
minimum impact test values should be written into general steel 
casting specifications. 


Respectfully submitted, 


WILSON, Chairman 





Foreman Trainingt 


By ALONZO FLAcCK*, New York, N. Y. 


l. Fortunately, I have spent many hours in a foundry. I ea 
syuipathize with you on some of the problems that you have. | 
have worked with foundry foremen and have helped to develop 
some of them. 


2. <A long time ago, I learned that the fundamentals of effi 
cient management might be summed up in the following: Firstly, 
to investigate; secondly, to standardize; thirdly, to make plans, 
and fourthly, to achieve standards. That immediately sets up in 
our mind that the first thing we should do, whether it is setting 
up for a plant training course, or whether it is getting down to 
the work of helping the foreman carry it out, is to look into just 
what a foreman is supposed to do. 


FOREMAN Has GREATER RESPONSIBILITY 


3. It is a lot easier to talk about what a foreman should do 
in an organization than it is to fit these foremen in their proper 
places in them, define carefully what they are supposed to do and 
then get it done. This is particularly so at the present time when 
so many rapid changes are taking place. A very much more com- 
plex system of management has been developed, not because you 
wanted it, but because of our government restrictions and require- 
ments, because of certain welfare and other new developments that 
have been coming through. In the past 20 years, you have shoved 
on the shoulders of the foreman a whole lot of new things to do 
that he did not even have to think about in the days gone by—at 
least not when I first came into the industry. 


4. For instance, he has to know a lot more today than just 
how to do the job. He has to be a representative of the company 


+ Presented extemporaneously by the Author. 

* Treasurer, Emerson Engineers, Inc. 

Note: Presented at a session on Foreman Training, 45th Annual A.F.A. Conven 
tion, New York, N. Y., May 14, 1941. 
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to the men. He has to pass aleng the plans and the policies that 
the management formulates and sets up. Some way or other, he 
has to get those plans, policies, methods and what-not to percolate 
gradually down the line so that the men realize just what they 
mean; and that is not an easy thing to do. 


5. I remember, a few years ago a fellow came to one of the 
plants where I was working and said to the manager, ‘‘I’ve got 
a swell bulletin service that you can put all through your depart- 
ments. It will do your company a lot of good, because the men 
will read the bulletins which come in each week and they will 
he inspired by it. They will pick up a lot of pointers.’’ 

6. ‘*Well,’’ the management said to this fellow, ‘‘ Now, if you 
cali put them out through the plant and can get them to work 
in such a way that the ideas will actually filter down to our men 
and they will get something out of them, I am going to subscribe 
to this service. Unless you can pretty well assure me that that will 
be done, I am not so strongly for that kind of service.’’ 


7. So whatever management does in the way of organizing 
their personnel, in setting up their plans, in adopting certain 
methods, in doing needed welfare work, in lining up employment, 
recreation and other plans, some way or other, all of that has to 
be carried through to the employes, who make the bulk of the 
organization of any company. 


THe ForEMAN’s DUTIES 


8. Now, let us see of what the foreman is in charge. He 
has all the organization problems in his department. He groups 
his men, he assigns the work, and he supervises it. He is supposed 
to know how that work is done and he ought to know how it is 
done in the best way. He may not determine the best way. That 
may be done in the engineering department, in the laboratory 
department or in some other research department. But some way 
or other, he has to find out, when they get all done, how it is to 
be done and the best way to do it. He has to convey this informa- 
tion and knowledge to the employees that he supervises. 


A Job Must Be Sold from the Bottom 


9. I have just been down to Texas. I stopped in a plant 
where I did some work about 5 years ago and talked with one of 
the foremen. About 5 years ago, they had a job on which | felt 
they could produce about 50 per cent more than anybody in that 
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plant thought could be produced on that job. In facet, when I evey 
suggested the performance, all felt that I had made a bad mistake 


and ought to revise the production standard 


10. ** Well,’’ I said, ‘‘I went into that thing pretty thoroughly 
and | believe it is right. All | think that is necessary is to a 


out there and convince you fellows that the standard is aceurat 


1] Now, I did not go to the fellows ip at the top at first te 
convince the employees the standard was all right. I went to one 
of those Louisiana French sub-foremen who was in that depart- 
ment. I figured that if I could get his ear and convince him that 
the standard was right, it would get to the men all along the line 
in the department because he was close to them and it would als 
reach the foreman and the superintendent, who would all be satis 


fied. Well, after the demonstration was completed he said to me 
‘*Mr. Flack, I would not have believed it, but really I think that 


ean be done, and it is fair.’’ 


12. ‘*Well,’’ I said, ‘‘We have to convince the rest of the 
people that it is so.’’ And I did not worry about it any more 
hecause I knew, with him on my side, that 50 per cent of the battle 
was won. So the foreman has to get the thing across to the em 


plovees he supervises 


The Foreman and Safety 

13. - He sees that safe and adequate tools and equipment are 
ready for the employees under his direction. By that I mean, 
when one job is finished, he has the tools taken into the toolroom, 
and, if necessary, put in first class condition. Then when an em- 
ployee starts the next job, they are ready and there will not be a 


lot of waiting around. 


14. I went into one plant at Utica, N. Y., where they had 42 
serious cuts—arms off, fingers off, hands off—in one month. That 
is an awful record. By working with those foremen over a period 
of about 2 months, there was a decided change in accidents. They 
not only installed safety equipment, but they worked on every 
man in their departments to be careful; and the result was that 
the New York State Department of Safety gave this company the 
best safety record in the state. They jumped from the poorest to 
the best. Now, that can be done, if the work is performed in the 
right way, and the men work with the foreman and the foreman 
with the men. The foreman has a lot to do in getting it done. 
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15. He checks the availability of materials, tools, orders, and 


so forth. He may not do that himself, you may have a planning 


department, you may have an order department, you may have 
an engineering department and a lot of others that do the work 
on orders or on materials or on things prior to their actual going 
mt to the foremen. It is his duty to know his part of that job and 
how far he is to go in carrying on and putting this work through 
the plant, particularly in his department. 


The Foreman and Supplies 

16. Now, the reason for doing this—seeing that everything 
is ready—is, the management and the foreman then give the 
employees an opportunity to really do their work, which is very 
important. I have gone into some plants where men were being 
pushed because production was lagging. When you actually got 
down to studying the facts, it was not the men’s fault at all. It 
was because either tools were not ready or the materials were not 
ut there when they should have been, or one of the helpers had 
to be sent into the toolroom to get some tools or some materials 
that had been forgotten, or something of that kind had happened. 
[t is all a part of the foreman’s duty to work with those employees 
and see, as part of his function, that everything is ready 


The Foreman and Discipline 

17. The foreman also has authority, and is responsible for, 
the discipline of the employees under his jurisdiction. He guides 
their work according to order and engineering instructions and 
methods laid down by the management for running the shop. This 
is a very important point. I will give you an illustration. About 
15 to 20 years ago, I worked in a foundry in Buffalo. They had a 
new foreman there when I arrived, a Scotchman—they must make 
good foremen. When I came into one end of this foundry, he 
would go out the other. So I talked to the management and I said, 
‘“‘T don’t think this foreman knows what we are here for.’’ 

18. ‘‘Well,’’ the president and superintendent said, ‘‘ You 
know we put him in there; now, I presume we ought to let him 
run that foundry.”’ 

19. I said to them, ‘‘I think that’s right. But I think he 
ought to run it in coordination, or collaboration, with the methods 
and the policies and the line-up of the rest of the plant.’’ 

20. ‘‘Well,’’ they said, ‘‘We will think about that and get 
him in here to explain our plans and policies to him.”’ 


. 
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21. I came in the following Monday morning, went out to 
the foundry, sat down with that foreman and we became very good 
friends. He fixed up that foundry in wonderful shape. That is 
what I mean by following out the company’s policies. 


The Foreman and Department Cooperation 


22. Another thing that department heads and foremen should 
do, is to consult freely with other department heads and the man- 
agement. Sometimes a foreman tries to run a department very 
much as though he was in a little plant by himself. That does not 
always work out so well because there are lots of things in running 
a plant, large or small, concerning which people have to get to- 
gether. This situation is not encountered nearly as much today 
as it was 20 or 25 years ago. Today, everybody works together 
better, because cooperation has been talked about and there are 
a lot of people out preaching it. Your discussions at these meetings 
and information coming through other sources stress this point 


The Foreman and Quality 

23. The foreman is also responsible for the quality and 
quantity of work done in his department. The management may 
help him set up standards of performance and give him every aid, 
but after all, the foreman should be the one to guide, direct and 
see that the work is done properly. In many plants, you have a 
large inspection department and, in some cases, this inspection 
department is supposed to catch every defect. We have never 
maintained that an inspection department was entirely responsible 
for the quality of work, only in so far as its personnel are a check. 
We have always maintained that the foremen, the men, and every- 
body having any part in doing the work, are responsible for quality 
of workmanship. Unless that attitude is taken in a plant, you will 
not secure the best kind of work from the employees and you will 
have considerable trouble in administering quality control and co- 
operation. The foreman also assists in the daily planning of the 
work in his department. There is no one point that is more helpful 
to a foreman than thinking a little ahead as to what work is going 
to be done the next day, and perhaps for the next week, depending 
a great deal upon the nature of the products made in your plant. 
If it is a jobbing plant, you may be able to plan only a day ahead. 
In a production plant, you may be able to plan a week or more 
ahead. But I can assure you, from a broad experience in working 
out schemes and plans for thinking ahead and lining up production 
programs, that, if it is done well and the foremen take an important 
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part, you will derive great dividends in getting the work out 
promptly, in delivering the orders to customers when they want 
them, and in making it actually easier for the foremen and man- 
agement to run the plant. This may not be the case when you first 
start to install a planning system. It may be a little awkward, 
like any new thing. But after you once get the program underway, 
it is a lot easier to run the business. I ean guide you to a good 
many people that will tell you so. 


The Foreman and Records 

24. The foreman is also responsible for the attendance of the 
men in his department, in the recording of their work and the 
issuing of materials to them. He should cooperate in every way 
with the accounting and other clerical departments to get correct 
and accurate information back to the main office. I do not say 
that you should make a clerk out of the foreman, but he ought to 
cooperate because the original entries made in the shop are the 
basis for all the financial statements. Their accuracy depends upon 
the original entries. 


The Foreman and Morale 

25. The foreman can bolster the morale of the men who 
work under him and arouse their enthusiasm. I guess all of you 
have had periods in your plants when the enthusiasm was low. 
That comes in depression, especially. But a good foreman can off- 
set a lot of unrest and discouragment if he will maintain a cheerful 
attitude and will encourage the employees in his department. They 
will work a lot better. I recall, during the last war, I was asked 
to start a little plant near Grand Street. They had a lot of girls 
in it. We selected a young German to act as superintendent of 
the plant. I stayed with that man and helped train him until the 
production was up to the point that the management wanted. Then 
I went over to another plant of this company. I came back a couple 
of months later and these young ladies came around and wanted 
to know if I was coming to take charge of the plant. 


26. ‘‘No, I just came back to see how things are going.’’ They 
said, ‘‘You know, if you would come back, we could get better 
production; you are more cheerful than our superintendent, and 
we would like better to work for you.”’ 


27. So I want to say to you foremen and managers, that if 
you are cheerful and get your fellows to like you, they will do 
more for you. I think that is human nature. 
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How To TRAIN FoREMEN 


28. It seems that we have outlined the place of a foreman in 
an organization; we have outlined what he is supposed to do. How 
ean we train him? You are likely to have three kinds of men to 
train. You will have a brand-new man who has never been a fore- 
man; a young foreman, perhaps with some experience; and one of 
the older foremen with a great deal of experience. Now, how are 
you going to train them? I would say the first thing to do, re 
gardless of whether you go into elaborate or simple training, would 
be to set up a program or a course that you are going to follow to 


bring these men up to the point you desire to attain. 


Outline Foreman’s Duties 

29. In the first place, I believe it would be well to define, 
and carefully write up, exactly the duties that you expect that 
foreman to assume. Not so long ago I did that for a company in 
Montreal! and I have a letter from the superintendent of the plant 
telling me how it helped. We did more than that, but the first 


thing we did was to write up the duties. 


Coach the Foreman 

30. Then you have to coach these foremen and explain their 
duties. You have to do more than write up instructions. It would 
not go across if you just wrote them up and handed them out, 
because you have to discuss some things in there that they do not 
understand. You have to get the foremen together in a room and 
explain almést paragraph for paragraph, and let them ask a lot 
of questions so that they can get across the things to you, that they 
do not know and you have to supply the answers. If you do 
take that procedure, you will help the foreman a lot. 
Supply Foremen with Information 

31. Now, another thing in training foremen: it is necessary 
to supply them fully with information, I mean specifications, data, 


standards of performance, and other working information. You 


have to be free with them and see that they have it. They ought 
to be trained very carefully in the technique of your particular 
business. which is foundry work. If it is core-making, if it is cupola 
practice, if it is molding, or whatever it may be, those foreman 
ought to be coached in every detail of the technical part of that 
department of the plant. 


32. Then you ought to provide these foremen, when they 
are put in charge, with certain controls so that they can guide the 
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operation of the department. By controls is meant simple reports 


of the men and man hours that are used in their departments, a 
budget or standard cost set up for each expense, production per- 
formances so as to know the capacity of their departments. They 
should know what waste to look for. and have records that show 
the rejections and losses. They should be given some guide as to 
what. you think the waste ought to be so that they can start trying 
to improve that situation. These should be supplied in the form 

reports or records that are easily accessible. I find in many 

ints, that insufficient information is given to the foremen to do 
their work well. I highly recommend that you be frank and open 
with them if you expect them to run the department to the com 
pany’s best advantage. 


Encourage Ambition 

33. If it is consistent with company policy, and there is a 
vreat difference of opinion on this, we think it would be well to 
develop an incentive, based on the performance of the department 
and to lay out some sort of path to advancement in the company 
Every man seems to have some aims and ambitions, and it is well 
to encourage them. You should teach your foreman to be frank, 
stern, and fair in all his dealing with his men. There is nothing 
that inspires the foreman or the men so much as fairness. If you 
are fair, you will get responses from the men. They will tell you 
what is going on and they will offer suggestions. If you are not 
fair, you will find these things will be suppressed. 


34. I have had many a man tell me that he was not going 
to offer suggestions. ‘‘If I turn those over to the foreman,’’ he 
says, ‘‘he just will not do anything about it. He will not do any- 
thing about it unless it is turned in as his idea.’’ Well, that is a 
bad attitude to have. If you can develop the attitude that, if a 
man has something to offer, it is going to be considered, it is going 
to be used, then you will get a response: I have seen some wonder- 
ful responses to handling things this way. 


TRAINING THE NEw ForEMAN 


35. In starting a new foreman, you have to go at it far more 
thoroughly than starting one that has had some experience because 
you have to really take him from the ground up and go over the 
whole program with him, every detail of it. In the last war, I had 
not only to train a lot of foremen, but I had to train a lot of men. 
The first thing we did was to hire a number of men who knew how 
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to do the job. We had them work on some of the operations until 
they knew how to do them. Then we made them foremen of a smal|| 
group. These men then trained a group of men who did not know 
anything about the job. And it was not long before we had an 
organization that went along quite smoothly. Within 2 or 3 months, 
a force of 1100 men was developed who functioned perfectly, who 
produced a large output. 

36. If you give a leader too many men in the beginning, he 
becomes frustrated and confused. If you give him a few, he can 
instruct and develop them much more easily. It is easier to do 
this training in the plant that has repetitive work than it is in 
a jobbing plant, very much easier. If you have a jobbing shop, 
you have to take a leader who has had a pretty broad experience 
in that line of work. In a plant making one thing, you can select 
a man who does not have that all-around experience, as long as he 
knows how to do that operation, and make him a foreman. So there 
is quite a difference, 

37. If you have a young foreman in the department and you 
want to train him to be a better foreman, the best way is to make 
him an assistant to the foreman and then have the main foreman, 
every so often, turn over the complete responsibility of the depart- 
ment to him. By so doing, that foreman develops so he can handle 
the whole department. You may have given him your course oi 
training first, but if you do that, you will be surprised at the 
results. 

38. I recall a case where we had a young man who was a 
very able foreman of a department of 250 men. It was rather a 
difficult department because it consisted of electric welding. They 


not only had to weld the products, but the foreman also had an 


almost continuous task of training new welders. There was a heavy 
turnover of welders. It seemed that a great many men could not 
stand the sputtering and spitting of the electric are. This made 
the trainees nervous. This young man was put in all parts of the 
department; he was given a lot of individual training; and he was 
put through a course of instruction. Then I had the foreman turn 
over the department for a whole day at a time. He would leave the 
plant where the assistant could not call on him. A little later, they 
had a chance to advance that general foreman to superintendent of 
maintenance and mechanical departments. They made the assistant 
the foreman; he went in there without a ripple, he just took that 
department over as though nothing had happened. 
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TRAINING OLDER FoREMEN 


39. With older foremen, the same treatment helps them, if 
you will put them through a course and define very carefully what 
they are supposed to do. They seem to get new ideas; they seem 
to take on new life—it is helpful. I had that experience last winter 
with some men who were over 50 years of age. I recall one foreman 
in particular. He greatly impressed me. He had a pipe fitting 
gang of about 20 men. That fellow, when we first started in, did 
not think very much of the work we were doing for the company. 
We had a great deal to do with him and we wrote up instructions. 
We worked with him, we explained them to him. Then we went out 
and worked with him personally, we analyzed what he did, went 
over with him everything that he did, and we helped to plan the 
work of his department better. 


40. I saw that foreman about 6 months later, sitting down 
with the superintendent of ihe plant and the manager of the com- 
pany, telling them how much bene‘it he had derived from the pro- 
gram. He was enthused about it and his work was much easier 
to do. 


41. Your speaker has covered the main points in training 
foremen. He has here a complete course in training foremen, but 
he is not going to recite it to you. But he would like to say this, 
the foreman is the connecting link between the plant management 
and the workmen. He should apply his supervision to the em- 
ployees in his department so as to instill in their minds that the 
company’s policy calls for fairness, not favoritism; efficiency, not 
drudgery; individuality, not subserviency. 





Refractories for the Electric Steel Furnace 


» 


By C. A. BRASHARES*, PirrspurRGH, PA 


Abstract 

Due to the increased use of and diversified operating 
practices for the electric furnace in steel making, the 
refractories industry has developed many different types 
of refractories to meet the conditions encountered. This 
paper describes some of the special refractories that are 
available. Advantages and limitations of each type are 
considered and also the kinds of work for which each is 
best fitted. Precautions to be observed in the installation 
and use of each type are noted in order that the maximum 


life of the installation may be obtained. 


1. As the use of the electric furnace for steel making has 
become more widely extended, and as operating practices have 
become more diversified, the service conditions imposed upon 
refractories have varied. In order to provide refractories suited 
to the many individual conditions, the refractories industry has 
developed and made available to the electric steel producer many 
different types of refractory materials. Considering the number 
of these now available, it seems worth while to point out those 
properties of the various refractories which are essential in view 


of the operating conditions that may apply. 


2. First in importance is refractoriness. A refractory cannot 
be expected to perform satisfactorily if it is deficient in this prop- 
erty. Refractoriness is expressed in terms of Pyrometric Cone 
Equivalent (P.C.E.) and in Table 1 are given the P.C.E. values 
for refractories most commonly used in the linings of electrie steel 
furnaces 


* Harbison-Walker Refractories Co. 
Nore: This paper was presented before a Foundry Refractories Session at the 
45th Annual A.F.A. Convention, New York City, N. Y., May 12, 1941. 
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Table 1 
PYROMETRIC CONE EQUIVALENTS OF REFRACTORY BRICK 
‘ Approximate Temperatures 
Kind of Brick Cone C. °F. 
Silica Brick : 31-32 1680-1700 3056-3092 
High Heat Duty Fireclay Brick. 31-33 1680-1745 8056-3173 
Super-Duty Fireclay Brick 33-34 1745-1760 3173-3200 
High-Alumina Brick | 
(50 per cent Al,O Di ais Sanit as svensk <a 1760-1785 3200-3245 
High-Alumina Brick 
(90 per cent Al.Os).... . 40 plus 1885 plus 3425 plus 
Magnesite Brick Above 38 Above 1835 Above 3335 


3. In connection with the present discussion, the melting 
points of certain minerals and oxides are shown in Table 2. 


Table 2 
Minerals Essential Constituents of | Melting Point, °F. 
Cristobalite (SiO.) Silica Brick 3142 
Corundum (AI.Os) High Alumina Brick 3722 
Periclase (MgO) Magnesite Brick 5072 
{Fireclay Brick 
Mullite (3A1.0s-2SiO.) )High-Alumina Brick 
+Kaolinite (Al:Os-2Si0.2H0) \Kaolin 


* Mullite melts incongruently at 1830°C. (83826°F.) to form corundum and a siliceous 
liquid. It is completely melted at approximately 1925°C. (8497°F.). 
, +t Kaolinite has a P.C.E. value of cone 85, corresponding to a temperature of 
1785°C, (8245°F.). 

1. In the application of refractories to the construction of an 
electric furnace, we may conveniently consider three distinct sec- 
tions of the furnace, namely: roof, sidewall and bottom. The 
refractory requirements may vary materially in these three 


sections 


ELEcTRIC STEEL F'URNACE Roors 
Silica Brick 
5. The use of silica brick for the roof in both basic and acid 
operation is by far the most common practice. High heat duty fire- 
clay brick, super-duty fireclay brick and those classes of alumina- 
silica brick, generally considered as special refractories, are coming 
to be used more and more as conditions warrant. 


6. The utility of silica brick for electric furnace roofs depends 
primarily upon their inherent exceptional strength at high tem- 
peratures. For example, a silica brick subjected to a load of 25 lb. 
per sq. in. shows negligible subsidence even at a temperature of 
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2Y00°F. By way of comparison, a deformation as high as 6 per 
cent at a temperature of 2462°F. and at a like load is permitted 
by the A.S.T.M. requirement for high heat duty fireclay brick for 
use in the zones of highest temperatures in high heat duty boiler 
settings. While the ultimate refractoriness of high heat duty fire- 
clay brick, expressed as Pyrometric Cone Equivalent, is somewhat 
higher than that of silica brick, nevertheless it can be seen, from 
these test results for the two types, that silica brick retain their 
ability to support load at much higher temperatures. Another 
highly important property of silica brick is their ability to retain 
great strength in the high temperature range even though the 
structure of the brick may become impregnated to a considerable 
degree with certain basic oxides, principally the oxides of lime and 
iron which are present in the furnace dusts. 


7. Relatively large quantities of lime and ferrous oxide may 
be absorbed by silica brick without any appreeiable lowering of 
their temperature of complete melting. It is interesting to note the 
equilibrium diagrams of the systems FeO-SiO. and CaO-Si02 
(Figs. 1 and 2) and to observe the relatively high percentages of 
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FeO and CaO which may be added to SiOz before the melting point 
is greatly affected. In the case of high heat duty fireclay brick, 
much smaller amounts of the same basic oxides cause a marked 
lowering of the ultimate melting temperature. Due to the number 
of compounds involved, the effect of basic oxides upon fireclay brick 
cannot be so readily illustrated as the effect upon silica brick. For 
our discussion, it will probably suffice to consider the fact that 
silica brick, when impregnated with such basic oxides as may occur 
as furnace dusts or fumes, remain amply strong at higher tem- 
peratures than do brick of the alumina-silica type, such as high 
heat duty fireclay brick. 


8. To determine the suitability of a particular refractory to 
meet a given condition, it is necessary to weigh some of its limi- 
tations. One of the principal limitations of silica brick is their 
relative sensitiveness to thermal shock within certain temperature 
ranges. The fact that silica brick are sensitive to temperature 
change is readily understood by briefly studying their thermal ex- 
pansion, particularly as compared with the expansions of other 
refractories. (See Fig. 3). The very sharp rise in the expansion 
eurve between 400 and 1200°F. clearly indicates this characteristic. 
On account of the high rate of expansion of silica brick, it is neces- 
sary to heat silica brick roofs very slowly through the critical 
range and also to make provision for expansion by inserting be- 
tween the brick, cardboard or wooden strips which will burn and 
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permit the brick to expand freely. Very definite improvement in 


spalling resistance can be attained by a proper design, one detail 


of importance being the size of the shapes used. It is readily under- 
standable that with the use of relatively large shapes, the relief of 
stresses set up on heating may be a much more serious matter than 
when smaller shapes are used. In general, it may be said that a 
division of the roof structure into the smallest practicable units is 
desirable. It has been definitely established that resistance to 
spalling, due to rapid changes in temperature, is greatly enhanced 
in the case of a given material by using it in small rather than 
in large units. 


9. Much has been done in recent years to improve silica brick 
for use in electric furnace roofs and side walls. These improvements 
are the result of exhaustive studies such as those made to find the 
most desirable sizing of the quartzite particles that go to make up 
the brick. 


10. ‘‘Super-duty silica brick’’ are a newly developed product 
and their refractoriness is appreciably higher than that of the silica 
brick generally available. The results so far with this brick are 
promising 
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FIRECLAY AND SUPER-Dutry FirecuAy Brick 


11. The utility of high heat duty fireclay brick and super- 
duty fireclay brick rests largely upon their high resistance to rapid 
temperature fluctuations. Super-duty fireclay brick also find ap- 
plication where their higher refractoriness is advantageous 


High-Alumina Brick 

12. Usually considered as special refractories for electric 
furnace roofs are high-alumina brick and high-alumina ramming 
mixtures, as well as other types of brick and ramming materials 
whose chemical and physical characteristics make them suited for 
rather specialized service. The refractoriness of high-alumina 
brick of the various classes increases approximately in proportion 
to their alumina content (See Fig. 4). At present, most electric 
furnace operators are striving for maximum capacity and this im- 


poses increasingly severe conditions upon the refractories. These 


more severe requirements will no doubt lead to increased applica- 
tion of the more refractory, super-duty silica brick and the high- 
alumina refractories of increasingly higher alumina content in 
electric furnace roofs. 


Magnesite Brick 

13. Basie refractories, such as magnesite brick undoubtedly 
will receive more and more consideration as the requirements for 
the electric furnace become still more severe. Magnesite brick are 
now used with success in the roofs of 20-ton electric furnaces used 
for melting copper. 


a 


ae} —-+ 


96 pet — 


| SUPER DUTY 


NUMBER OF CONT 


i MEAT OUTY! 
PRECLAY BCE 
> 














4—ReEFRACTORINESS Expressep IN Pyrometric Cong EQUIVALENTS, 





REFRACTORIES FOR THE ELECTRIC STEEL FURNACE 


ELEctTRIC STEEL FURNACE SIDE WALLS 
Silica 


14. For the side walls of electric furnaces, silica brick, 
super-duty fireclay brick and basie brick comprise the most gen- 
erally used materials. The same properties which make silica brick 
suitable for roofs also make them serviceable in side walls. Small 
units can be more readily applied in the construction of side walls 
than in roofs, and standard sizes can be more conveniently used 


In the basic electric furnace, silica brick are used only in the upper 
side walls above the slag line, while for acid operation the entire wall 
construction is usually of silica brick. Some very interesting ob- 
servations have been made with reference to the difference in the 
behavior of silica and super-duty fireclay brick in the upper side 
walls. In acid furnaces, silica brick have generally outlasted super- 
duty fireclay brick by a good margin. This has been true even 
when the brick wore away by what appeared to be merely fusion 
or slagging. In view of the higher refractoriness of super-duty 
fireclay brick as measured by the P.C.E. test, this would be some- 
what hard to understand unless consideration were given to the 
fact previously mentioned, that silica brick are highly resistant to 
the fluxing action of certain basic oxides. 


Super-Duty Fireclay Brick 

15. Where super-duty fireclay brick are used in the side 
walls, it is generally deemed best practice to confine their applica- 
tion to the upper side walls and not to extend their use below 
the slag line. In various instances where they have been used below 
the slag line, the furnace slag reacted with the brick material to 
form a very viscous, insulating slag, with the result that consider- 
ably higher temperatures were required to operate the furnace. This 
naturally led to unduly severe heating of the upper side walls and 
roofs. However, super-duty fireclay brick do have a very worth 
while and definite application for upper side walls and in many 
instances their use has led to decided economies. Although the 
refractoriness of super-duty fireclay brick is higher than that of 
silica brick, it is to be emphasized that their adaptability for service 
ean best be determined by a careful survey of the conditions which 
apply and by service trials. 


Basic 


16. The use of basic refractories for electric furnace side 
walls has become more extended because of every increasing 
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severity of operating conditions, and will undoubtedly continue to 
increase for this purpose. Both hard burned magnesite brick and 
chemically bonded magnesite brick are used in side wall construc- 
tion. Brick of the metal-encased type are widely used because as 
the metal melts, it unites with the adjacent brick material to form 
a tight monolithic wall with improved resistance to the spalling 
influence of temperature fluctuations. Magnesite brick have rela- 
tively high thermal expansion and this must necessarily be taken 
into account when they are used. The high melting point of 
magnesia—far higher than that of silica—and its marked resist- 
ance to attack by basic fluxes are the principal reasons for the 
use of magnesite brick in electric furnace side walls. While their 
initial cost is much higher than that of either silica brick or 
super-duty fireclay brick, instances can be cited in which mag- 
nesite brick placed at points of hardest service so lengthen the life 
of the side walls that their use is decidedly economical. 


E.LEctric STEEL FuRNACE BorTomMs 

Acid Furnace Bottoms 

17. The bottoms of acid electric furnaces consist of fireclay 
brick upon which crushed quartzite rock, commonly known as 
ganister is tamped and sintered in place in layers, under the heat 
of the are. In the smaller furnaces the entire bottom is sometimes 
tamped in place as a unit, and then sintered. The crushed ganister 
is mixed with fire clay and an organic binder such as goulac or 
molasses water. It is desirable to use no more water than 
is required to give the necessary working qualities to the batch. 
Some care can be exercised profitably in the choice of fire clay. 
The alumina-silica equilibrium diagram shown in Fig. 5, illustrates 
this point. As shown in the diagram, a composition of 5.5 per cent 
alumina, 94.5 per cent silica is the eutectic composition, that is, 
the composition having the lowest melting point. If fire clay is 
added to the ganister in sufficient amount to produce a mixture 
having the eutectic composition a rammed bottom of such material 
could be expected to be very dense, but it would naturally be of 
the lowest possible refractoriness. There are available, for this 
purpose, a wide variety of clays, these varying in alumina content 
over a considerable range. By using clays of a highly siliceous 
nature, a higher percentage may be used without approaching the 
eutectic point. Another very important property of the clay is 
plasticity. If the clay used is non-plastic, or ‘‘short,’’ a higher 
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percentage must be used to give the proper working qualities to 
the batch. Whatever may be the composition of the batch, it is 


desirable that the bottom be tamped firmly into place and for 


this operation, an air hammer is used to advantage. The method 
of sintering the bottom in place in layers is usually regarded as 
the best practice since this generally produces a dense, more im 
pervious and substantial bottom. 


Basic Furnace Bottoms 


18. The methods of installation for basic bottoms are essen 
tially the same as for acid bottoms, with the sintering method the 
more generally used. Obviously, no clay is used with dead-burned 
grain magnesite, but either pulverized mill cinder or basic slag 
is used instead. It is best practice to carry the bottom material 
above the slag line to protect the side walls. In this connection, 
an interesting study has been made of the effects of certain slags 
upon the refractories used in side walls. This study followed obser- 
vation of the destructive effects of slags upon the side wall brick at 
points where the lining was not properly protected against the 
splashing of what the operators termed ‘‘wild’’ heats. ‘This 
phenomenon of the relatively rapid destruction of magnesite brick 
in the side walls is related to the dusting of di-calcium silicate 
(2CaO'SiO.) which results from the fact that the transformation 
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the high temperature form of this compound to the low tem- 


perature form is accompanied by a volume increase of about 10 
per cent. It was observed particularly after furnace shut downs 
extending over a period of two days or more. 


19. In one instance, where limestone was used in forming 
the first slag and burned lime and sand were used for the finishing 
slag, it had been observed that considerable disintegration of the 
magnesite side wall brick resulted after week-end shut downs. The 
slag desired by the furnace operators, and formed by the addition 
of lime and sand was one which would completely disintegrate 
to a powder when ladled from the furnace and allowed to cool. 
Its composition was very close to that of di-caleium silicate. Pene- 
tration of this slag into the basic bottom material and into the 
basic brick, would naturally cause considerable weakening of the 
refractory structure as a result of the expansion of the slag which 
takes place upon cooling. In order to prevent the destructive 
effects of such a slag, some operators observe the precaution of 
adding a stabilizer such as calcium borate (equivalent to % to 1 
per cent B2O;), to the finishing slag during the last four or five 
heats preceding a shutdown. A method of accomplishing this 
result is covered by a U.S. Patent. 


20. In order to compare the effect of a di-calcium silicate 
slag upon magnesite brick with that of limestone slag as used for 
the ‘‘first slag’’ a cup slag test was conducted. For this test, 
magnesite brick were prepared by cutting pockets (3-in. in diam- 
eter by 34-in. deep) into the faces. Small quantities of the two 
slags, namely, that from the limestone initially used, and that from 
the burned lime and sand subsequently used, were then placed 
in the cups of the test brick. Tests were run at 1600°C. and 
1650°C., respectively. After the test brick had been held at these 
temperatures for five hours they were withdrawn from the furnace 
and cooled and then sawed at the center line of the slag pockets. 
[t was observed that the limestone slag in the pockets was black in 
color and of a vesicular structure and that it showed no disintegra- 
tion on standing in the air. The brick containing the burned 
lime-sand slag showed penetration of slag into the brick structure. 
The test brick were inspected at three or four day intervals. 
During the first interval, some dusting had oecurred and at each 
additional interval, some further dusting had taken place. The 
continuous expansion of the slag resulting in its dusting appeared 
to exert a strong disruptive force on the brick structure. As 
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mentioned before, the purpose of adding calcium borate to four or 
five finishing slags prior to a shut down is to stabilize the high 
temperature form of the compound. 


OPERATING VARIABLES AFFECT LIFE OF REFRACTORIES 


21. Some variables in electric furnace operation which affect 
the life of the refractories may be of interest. 


1. High proportion of scrap in the charge and the re- 
sulting higher melting temperature required impose cor- 
respondingly more severe operating conditions upon the 
refractories. The melting temperature also is influenced by 
the condition of the scrap, namely, whether it is rusty or 
clean. 


2. The size of the castings being made is another factor 
of importance since for small castings higher pouring tem- 
peratures are frequently required. 


3. Obviously, overloading of the furnaces will bring the 
metal line closer to the roof and subject the roof brick to 
higher temperatures. In this connection, a rather interesting 
trial was made some years ago with a roof of approximately 
hemispherical shape. This provided a very strong refractory 
construction and increased the distance of the center section 
from the metal line. Unfortunately, however, the curvature 
chosen was such that the radiated heat was brought to a focus 
at a point between the electrodes which resulted in excessively 
high temperatures and short roof life. 


4. Melting the heats too rapidly or holding them too 
long, also may result in short roof life. The time between 
heats is likewise a factor which influences roof life. 


5. Evenness of the distribution of the charge is an im- 
portant factor in connection with roof life. When the charge 
consists of large pieces, evenness of distribution is not easily 
attained and this results in irregularity in melting which 
affects the furnace refractories. 


6. A fluid, foamy slag radiates less heat against the roof 
than does a thick, viscous slag. 


7. Another factor of extreme importance in the life of 
the roof structure is proper provision for even bearing of the 
component brick units on each other. It is of prime impor- 
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tance therefore that the roof retaining ring be true to shape. 
Any irregularity in the shape of the ring not only leads to 
difficulty in the laying of the brick, but also results in unequal 
distribution of stresses in the roof structure during heating, 
which may cause pinch spalling and shorten the life of the 
roof. 





DISCUSSION 


Presiding: J. A. Bowers, American Cast Iron Pipe Co., Birmingham, 
Ala. 


MEMBER: I would like to ask Mr. Brashares if he would mention 
how the water cools the side walls—what effect that has on the life of 
the lining? 


Mr. BRASHARES: As many of you may know, we are asking for 
a rather comprehensive survey of electric furnaces in various plants 
where the data on practices and their effects upon the life of refractories 
can be given. We hope some day to have a very clear picture of these. 
Of course, in general, we can only say that by reducing the outside 
temperature of the furnace, as we can with water cooling, the tem- 
perature gradient through the lining becomes more steep with the result 
that chemical reactions upon the brick become less severe. In many 
instances, such cooling will lengthen the life of the lining very materially. 
However, I hesitate to give definite figures, particularly as pertaining 
to electric furnace operation. 


MEMBER: Are iron filings ever used to bind the silica bottoms? 


Mr. BRASHARES: We have at times used iron oxide as a bond in 
silica brick. It should not be destructive to the silica bottom. The use of 
judicious amounts of iron oxides in silica brick has resulted in very 
strong brick and it does not seem to influence the refractoriness 
seriously. 


MEMBER: Roughly, how much provision is necessary for the ex- 
pansion in laying metal encased magnesite brick? Do you have enough 
provision there by the metal itself or must you allow expansion between 
the bricks? 


Mr. BRASHARES: In some instances, I have seen the brick laid-up 
very tightly and they seem to do well. As a suggestion, from the brick 
man’s standpoint, I believe it is better to take a trowel and slightly loosen 
the brick as they are laid. As it oxidizes and melts, the metal is entirely 
adequate to take care of expansion, but we do have to remember that 
until melting takes place, there is no provision for expansion other than 
just the natural looseness of the brickwork. If the brick are not loosened 
with a trowel, it is well worth while to provide for expansion by inserting 
paper or cardboard strips in the joints. 





Effects of Moisture and Preheat of the Cupola 
Blast on Gray Cast Iron 


Ry J. T. EAsH* anp R. E. Smitrn*, Bayonne, N. J. 


Abstract 


Certain foundries are known to control the moisture 
content in the cupola blast and also use preheated blast. 
Little has been published on the effect of these, however. 
The authors of this paper ran experimental heats on a 
medium carbon, one per cent nickel, iron using a cold blast 
and a preheated blast, respectively, and with varying 
moisture contents. They found that: (1) Chill and me- 
chanical moperties were consistently uniform, except as 
affected by carbon and silicon variations. (2) Tempera- 
ture of the metal was the main factor controlling melting 
rate, composition and properties. (3) Increase in mois- 
ture decreased metal temperature and melting rate. 
Carbon, silicon, and manganese recoveries decreased and 
caused an increase in chill. (4) Moisture had no individual 
effect on mechanical properties and chill except as it af- 
fected composition. (5) Preheated air increased tempera- 
ture of metal, increased melting rate, allowed up to 20 
per cent saving in coke and decreased manganese and 
silicon losses. (6) Preheated air had no effect on proper- 
ties except through higher metal temperatures. A detailed 
description of the experimental cupola and ausxiliary 
equipment is given. 


1. The gray iron foundry industry has become aware during 


the past 25 years that by exerting a good degree of control over 
their cupola practice high quality iron castings can be produced 
As a result increased attention has been given to the numerous 
operating conditions, among which are bed height, blast pressure 
and volume, quality of the coke, coke ratios, fluxes, ete. It is 
known that all these and many others are important and must 
be properly balanced to produce iron of standard quality and at 
maximum temperature. Certain foundries are known to control 
the moisture content of the air blast to obtain a more uniform 
product and others to preheat the air blast by means of waste 


* Research Laboratory, Internationa] Nickel Co., Inc. 


Nore: This paper was presented before a Gray Iron session during the 45th 
Annual A.F.A. Convention, New York City, N. Y., May 18, 1941. 
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heat regenerators to secure fuel economy. However, little has been 
published on the effects of preheat and moisture content of the 


blast on cupola operation and the properties of the iron melted. 
Consequently, information developed on this subject should be of 
nterest to the foundry trade. 


REVIEW oF Previous Work 

Vowsture 

2. While conducting a very comprehensive investigation of 
the effects of blast furnace practice on the quality of pig iron 
and its inherent relation to the properties of gray iron castings 
produced in the cupola, Boegehold* noted that the chill depth and 
eombined carbon of 3.00 to 3.30 per cent carbon, 2.00 to 2.50 per 
ent silicon iron increased as the moisture content in the air of 
the blast furnace and cupola blasts increased. Machinability de- 
ereased as the moisture increased. Boegehold was unable to find 
any relation between the silicon and carbon content of the iron 
and its chill depth and concluded that moisture had a direct effect 
on inereasing chill due to the presence of hydrogen. 


3. In discussing the above paper, Fletcher- remarked that 
in his experience it had frequently been necessary to reject a 
number of thin section castings produced during wet weather due 
to excessive hardness. The rejected castings were higher in com- 
bined carbon but lower in total carbon than those produced in 
dry weather. 


4. Citing experiences in the production of piston rings, 
Moore* stated that on humid days difficulty was frequently en- 
countered with the occurrence of chill on the edges of the rings 
on the side farthest from the gate. The trouble was usually 
encountered after the cupola had been in operation about 11% hrs. 
Their first remedy was to increase the holding time of the metal 
in the well of the eupola with the blast off or to increase the 
amount of coke per charge. However, the trouble was finally 
eliminated by the installation of a refrigerating system to reduce 
the moisture and produce uniform conditions. Moore stated there 
was no relation between composition of the iron and ehill and 
‘oneluded that the latter was due to oxidation of the iron. 


5. MacKenzie* noted that since the piston ring iron con- 
tained 3.50 per cent carbon and 2.70 per cent silicon, it was of 


1 Superior numbers refer to the references at the end of this paper. 
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eutectic composition and considerable variation in hardness could 


be secured depending upon whether the carbon content was slight}; 


above or below the eutectic composition. Such a variation in ear- 
bon could occur and be too small to be shown by chemical analysis, 
and in case the iron was hyper-eutectic, a little pro-eutectie graph- 
ite would separate during freezing and promote the formation of 
gray iron. On the other hand if it were slightly below the eutectic, 
the formation of cementite would be favorable. 

6. The use of wet coke has been found by Geiger® to lower 
the temperature in the cupola 


~ 


7. The advantages of dry air blast is well recognized by 
blast furnace operators, and as early as 1904, Gayley® showed ad- 
vantages in fuel economy, increased iron production and uniform 
ity through the use of dry air. 

8. The results of these earlier investigations on the effect 
of moisture in the blast are in agreement with the present work 
in showing that the net effect on chill depth is to increase it. 
However, the present investigation, utilizing an iron more sensitive 
to chilling effects than those used previously, has been able to show 
that the chill is dependent upon the composition of the iron which 
in turn is affected by the moisture content of the air. In addition 
data are presented on the effects of moisture on the melting rate, 
metal temperature, and properties of the iron. 


Preheat 

9. Several methods for preheating the blast have been tested. 
The air may be heated directly from the sensible heat in the stack 
gases by being forced through pipes contained inside the cupola 
as shown by MacKenzie‘ and Sefing*®, or the CO in the exit gas 
may be burned completely to COz2 in an outside furnace of the 
recuperator or regenerator type, according to Vial’. 

10. These investigators agree that the use of preheated air 
results in an increased melting rate, higher metal temperatures 
and 20 per cent or more fuel economy. Vial states that the silicon 
and manganese losses are decreased due to less oxidation resulting 
from the use of less air per pound of iron melted. Piwowarsky"’ 
reported higher metal temperature and less sulfur pick-up due 
to the use of preheated air. 

11. These conclusions are in agreement with the present 
findings, which include additional data on chill and mechanical 
properties of the iron. 
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Fic. 1—D1acram or Cupo.a SyYsTEM. 


FouNDRY EQUIPMENT 


12. The new experimental mill and foundry operated by the 
Research Laboratory of The International Nickel Company at 
Bayonne, New Jersey contains as part of its modern equipment 
a complete cupola melting system with auxiliary units for control- 
ling the moisture content and temperature of the air blast, all of 
which are controlled from a central station. Since this is one of 


the very few experimental plants in the country having such com- 
plete facilities, it is believed that a brief description of the layout 
will be of interest to foundrymen. 


13. A flow sheet illustrating the path of the air through 
the system is given in Fig. 1. There are three air inlets into the 
system, one from the outside of the building to the dryer, one 
from the outside to the blower chamber and another from the 
inside of the building to the blower. The incoming air may be 
passed through the dryer and into the blower chamber or, if 
desired, the dryer may be turned off and the air drawn in directly 
by the blower. Steam may be injected into the blower chamber 
if wanted. With this combination of air inlets and available steam, 
almost any degree of moisture in the air can be secured and con- 
trolled. The air then may be blown either through the preheater 
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and into the cupola or, by changing the blast gates, passed directly 
to the eupola. 


14. <A photograph of the cupola and auxiliary equipment is 


shown in Fig. 2. The charging floor and electric hoist for bringing 


up materials are located at the top. The blower, preheater, de- 


humidifier, and instrument control panel are located on the mez- 
zanine between the charging and main floors. The preheater can 
be seen in the right foreground and part of the dryer can be seen 
in the background to the right of the cupola shaft. The blower 


and control panel are obscured from view by the preheater 


Dryer 

15. The dryer shown in Fig. 3 is a patented dehumidifying 
unit capable of reducing moisture in the air from 130 grains per 
lb. to 50 grains per lb. at a rate of 1000 cu. ft. per min. A lithium 


Fic. 2—Curo_a aNnp AvuxiLiaRy EQUIPMENT. 
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Fic. 3—Dryrr anp INsrrumeNT Controt PANEL. 


chloride solution is the essential drying media and can be regu- 
lated to produce air of constant humidity at any desired value 
within the limits of the unit by adjusting the specific gravity of 
the solution. The air comes into intimate contact with the solution 
and gives up most of its moisture and then passes on to the blower. 
The chloride solution is maintained at constant density by circu- 


lation over steam pipes where the excess moisture is vaporized. 


Blowe r 


16. The blower, located in the compartment behind the in- 
strument panel in Fig. 3, is a positive displacement type with a 
capacity of 3.3 eu. ft. per revolution and is driven by a 10 H. P. 
motor through a variable speed motor drive capable of altering the 
speed so as to deliver air at the rate of 550 to over 1200 eu. ft. 
per min. 


Preheater 


17. The air preheater shown in Fig. 4 is contained in a fire- 
brick compartment 1414-ft. long x 6-ft. wide x 414-ft. high. Two 
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banks of ‘‘U’’ shaped tubes are located in the compartment and 
are attached to the manifolds that extend across the top of the fur- 
nace, There are 15 tubes in each bank, the forward tubes toward the 
firing end are a single ‘‘U’’ while those in the rear bank are double 
‘U’’ in shape. The tubes are made of a cast 35 per cent Cr-10 per 
cent Ni alloy. They are 114-in. internal diameter and have a total 
length of some 125-ft. Air entering the preheater from the blower 
is split into two parts, passes through one or the other bank of 
tubes and emerges into the central manifold which is connected 
to the well insulated blast pipe leading down to the cupola. Heat 
is obtained from an oil burner in one end of the furnace. A fire 
brick baffle is located immediately in front of the first bank of 
tubes to prevent them from being overheated locally by the flame. 


Cupola 


18. The cupola is a number 2% having a 41-in. diam. 
eter shell and straight lined to 20-in. with fire clay brick. The 
well is 23-in. in diameter and has a depth of 10-in. from the lower 
edge of the tuyeres to the sand bottom. Four tuyeres about 51/-in. 


square are spaced equally around the shell and are connected to 


the bottom of a wind box which is 24-in. high by 1014-in. wide and 


PREHEATER——Ark Biast Pipes aT THE LEFT. 
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pletely encircles the cupola. The ratio of tuyere area to cupola 

‘ea 1s 1 to 2.5. The distanee from the top of the tuyeres to the 

harging door is 1614-ft. which allows ample preheating of the 

upper charges when the stack is filled. The stack extends upward 
an additional 30-ft. The tapping spout is 4-ft. 4-in. long. The 
‘upola is equipped with a rear slagging spout but it was not used 


1 the present investigation. 


Control Instruments 


19. The instrument panel shown in Fig. 3 is located con- 
veniently to the above equipment and contains all the essential 
metering devices. A patented airflow indicator is used to meas 
ure the volume of air used. The indicator is connected to two 
rifices, one between the blower and preheater for measuring cold 
air and the other between the preheater and cupola for measuring 
ot air. Utilizing the ealibration of the airflow meter, all air 
volumes are computed to standard conditions of 14.7 lb. per sq. in. 
and 60°F. 


20. The static pressure in the windbox and at the exit from 
the blower is measured by a mercury manometer. 


21. For measuring preheated air temperatures, a thermo 


couple is located in the windbox of the cupola and is connected 


to a indicating thermometer. 


22. The humidity of the air blast is obtained from readings 
{ wet and dry bulb thermometers placed in a small by-pass pipe 
line connected to the air blast pipe just above the blower. 


COKE 


‘3. The coke used in the investigation was from a single 


y 


‘*special’’ coke, screened to a 2 x 3-in. size. The 


‘arload lot of 
composition of the coke was as shown in Table 1 


Table 1 


COMPOSITION OF COKE USED 


Fixed Carbon 
Sulfur 


Volatile Matter 
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PREPARATION OF CUPOLA FOR CHARGING 


24. Before each heat the slag and metal was chipped fr 
the melting zone which was then either patched with a mixt 


i 


I 


of fire clay and silica sand or relined to a diameter of 20-in. w 


brick. The bottom was closed and a wood fire kindled to dry 


thoroughly 


ie heat, the bottom was prepared with a standa 


++ 


sand rat ed Ih around the walls and bo rom ol 


sloped toward the tap hole 


26 The bed was hehted with about 75 lb. ot wood by means 
of a gas burner inserted through the breast. After the wood burned 
rapidly 100 Ib. of coke was placed on the bed, then coke was added 
intermittently as the bed burned through under a natural draft 
until the height was 48-in. above the tuyeres, requiring in all about 
£50 lb ot coke The bed was allowed to burn for t-hr before 
charging was commenced to ensure a thorough heating of 

lining. A low air blast was usually turned on for a short while 
with the breast hole open in order to heat up the well. This was 
found to be quite Important to secure hot metal during the first 
of the heat. During the entire preheating period, about 200 Ib 


] 


of additional coke was added to maintain the bed at 48-in About 


1 4 ] »)1 


‘harging, a silica tap hole brick in. thick, having 
was sealed in the breast so as to be flush with the 


inside lining. The tap hole was plugged 
27. Thirty pounds of a dolomitie limestone contaiming 20 pet 
cent magnesium carbonate and 76 per cent calcium carbonate was 
mixed with the bed coke after the first 100 lb. of coke was added. 
28 Just prior to charging the bed was blasted for 3 min. to 


bring it to ineandeseence and then adjusted to 48-in. 


CHARGE AND COMPOSITION OF IRON 


29. The cupola burden consisted of 15 charges, each of 200 
lb. of meta! and 18-22 lb. of coke. The metal charges were com- 


posed of 25 per cent steel scrap, 20 per cent of 2 per cent silicon 


pig iron and 50 per cent remelt chill cast cupola pig containing 


one per cent nickel, the remainder being silvery pig iron, spiegel- 
eisen and electro-nickel to produce a charge composition used in 
all heats of 2.45 TC, 1.90 Si, 1.04 Mn, 1.0 Ni, 0.08 S and 0.07 
per eent P. This charge produced under normal dry air conditions 
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an iron containing about 3 C, 1.8 Si, 0.75 Mn, 0.14 8S, 0.08 P and 
1.0 per cent Ni. This composition was selected since it is a com- 
monly used medium carbon iron and is in a carbon range that 
should exhibit noteworthy changes due to operating variations. 


30. When using air at atmospheric temperature, a 9:1 coke 
ratio was employed and 6 |b. of limestone were added per charge. 
For heats in which air preheated to 900°F. was used, the individual 
oke charges were 18 lb. or a ratio of 11:1. In these eases in- 


lividual limestone charges of 414 lb. were used 


OPERATION OF CUPOLA 


31. Immediately after charging was completed, the tuyere 
overs were closed, the blower turned on and adjusted to produce 
the desired volume of air. The blast found most satisfactory for 
ur operating conditions was 805 cu. ft. per min. using eold air, 
and 630 eu. ft. per min. for 900°F. air, which produced wind box 
pressures Of about 21 oz. and 13 oz., respectively, during the first 
part of the melting periods and decreasingly lower pressures near 
the end of the heats. These blast volumes had been predetermined 
to yield the maximum metal temperature in each case for a 48-in. 
bed. The blast volume and coke ratio of the hot air heats were 
selected on the basis of producing higher metal temperature rather 
than to equal the metal temperature of the cold air melts with 
attendant greater coke economy. High metal temperatures are 
desirable in case alloy ladle additions are made for high test iron 


and also liquid metal handling is facilitated. 


32. The first metal was tapped from the cupola 20 min. after 
the first metal appeared at the tuyere level. The remainder of the 
taps were made intermittently as closely as possible to 9-min. in- 
tervals. About 450 lb. of metal were tapped each time after the 
cupola attained a normal melting rate. Usually seven taps were 
made. 

33. The metal from the cupola was tapped into a 1000-lb. 
insulated, covered ladle which had been preheated prior to the 
first tap. One arbitration bar 1.2-in. diameter by 24-in. long cast 


vertically in a dry sand core, and one or two chill blocks 
1 x 4 x 5-in. chilled on the 1 x 5-in. face were poured from each 
tap. Part of the metal was used for other special investigations 


and the remainder cast in iron pig molds, however, an accurate 
record of the weight of metal from each tap was made. 
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4. Temperature measurements were made with a patented 
disappearing spot optical pyrometer. These measurements were 
made both at the breast and at the end of the 4-ft. 4-in. spout of 


the cupola, and during the pouring of the test castings. 


DISCUSSION OF EXPERIMENTAL RESULTS 


- l 
> 


39. In the present work which is an attempt to establish the 
effects of preheat and moisture content of the air blast upon the 
eupola operation and properties of a 1 per cent nickel iron, the 
composition of the charge was held constant, except where in- 
dicated for special purposes, so as to maintain a constant base line 
for the caleulation of metal recoveries. The interpretation of the 
data in relation to properties was considered from the standpoint 
of the average composition of each heat and also for comparable 
compositions. In the first, the over-all recoveries from beginning to 
end of the heat were calculated and the average composition 
determined which usually corresponded to taps 3-5. The first few 
taps were usually higher in carbon and silicon while the last taps 
were lower in these elements than the average. This made it pos- 
sible to compare the properties of a number of different 


compositions. 


EFFrect oF MOISTURE 


36. The moisture content of the blast was varied from 17 
to 325 grains per pound (1.3 to 24.9 grains per eu. ft.) which 
corresponds to saturation at 22° and 102°F. The upper part of 
this range is of course beyond any condition ever encountered but 
was included to secure an extreme point. 


37. The humidity recorded by the Weather Bureau in New 
York City over the past 70 years ranges from 5 to 180 grains 
moisture per lb. of air. Variations of 3 to 115 grains per lb. were 
reported by the Meteorological Office at Toronto, Canada, for the 
period of March, 1933 to August, 1934. With the exception of the 
extremely dry weather which was not encountered during the 


present heats, the usual conditions have been covered. 
Temperature of Iron 


38. The most pronounced effects of moisture on the per- 
formance of the cupola were the decreases in metal temperature 


and melting rate as shown in the upper part of Figs. 5 and 6 using 
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jither atmospheric or preheated air. When one considers that 
he amount of heat required to raise the temperature of 1 grain of 
moisture from 200 to 3000°F. is almost the same as the amount to 
raise 1 lb. of molten iron 1°F., and that at a moisture content of 


250 grains per lb. of air, some 285 grains of water per lb. of iron 





Bed Height-48” 

Charge Composition 
CARBON - 245 % 
SILICON - 190% 
MANGANESE - 1.04 7 


NICKEL 1.007 
-———— . T } 
2 _—_—$ 


_—— + 


a 
°o 


w 
o 





a) 
° 


Manganese Loss, % 





— 


oy 
o 


Silicon Loss, % 


8 


w 8 


| 
Air Air Pa ea 


Temp CFM Ratio 
COLD 805 91 
900°F 630 
100 SC 200 250 


Moisture Content of Air Blast - gr/ib 


~ 


N 
S 





S 


re 
a 
J 
x 
~ 
Oo 
c 
8 
= 
S 


=) 











Fic. 7—Errecr or Moisture 0oN MANGANESE, SILICON AND CARBON RECOVERIES. 


are blown through the cupola, it is not surprising that the tem- 
perature and melting rate of the iron were affected. In addition 
some heat was probably lost by the reaction of the coke with the 


water vapor. 


Composition 
39. <A consideration of the composition of the iron produced 


shows that an increase in the moisture content caused a decrease 
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in the carbon absorption and an increase in the silicon and map. 
ganese losses as illustrated in Fig. 7. The oxidation of these latte; 
metals is accompanied by the evolution of considerable heat whic! 
probably helped to counteract the heat losses noted above. 1! 
sulphur content increased 2 points (0.02 per cent) between the low 
and high moisture heats. The nickel content was not affected by 


changes in moisture, and no loss was encountered. 


Properties 

10. The mechanical properties and chill of the irons were 
affected by the blast moisture primarily as the composition and 
pouring temperature were affected. Accompanying the decreased 
earbon and silicon contents, the chill depth increased markedly and 
the transverse and Izod A.B. impact strengths decreased moderate 
ly. The mild decreases in these properties were due to the slight 
tendency towards the formation of dendritic graphite structures 
which inherently cause lower strength and which are more likely 
to form as the carbon and silicon decrease. The hardness of the 
preheated air heats was not affected by the moisture. However, the 
normal air heats became somewhat harder. 
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Fic, 9—RELATION BETWEEN ComPposITriON AND Properties or Cotp Arm Heats 


41. Since the compositions of the heats changed with both 
moisture content and preheat of the blast, it was very difficult to 
compare the effects of these two operating variables on the prop- 
erties of any great number of taps of equal composition and arrive 
at very definite conclusions. Consequently for simplicity the chill 
depths and mechanical properties have been plotted against the 
sum of per cent total carbon plus 1/3 silicon and the results are 
illustrated in Figs. 8 through 11. All measurements of chill depth 
of the different taps of each heat and of the mechanical properties 
are given except where a flaw occurred in the bar, which would 
justify its omission. Differences in moisture content of the blast are 
noted by the various symbols. For clarity, the heats with less than 
60 grains of moisture per lb. of air are indicated by hollow marks 
while those of higher water content are shown as solid symbols. 
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Chill Depth—Cold Air 

42. The clear chill and total chill measurements of the blocks 
from the cold air heats are shown in Fig. 8. The pouring tem 
peratures of the high carbon and silicon chill blocks were somewhat 
lower than most of the others since they were poured from the 
initial part of each heat. However, at equal composition levels, the 
pouring temperatures were comparable, with the exception of the 
highest moisture heat which was cold throughout and was poured 
at 2400-2490°F. It can be seen that while there were individual 
cases of a moist heat showing higher chill than a dry heat or 
vice versa, in general all the chills fell in the same band and 
there was no distinction between moist and dry air melts. The 
latter is particularly true in the higher carbon and silicon heats 


where the seatter is diminished. At any composition level, the 


difference in chill depth between the high and low moisture heats 


was much less than the chill variation imposed by changes in com- 


position due to moisture as illustrated in Fig. 5. 


13. It is believed that the low chilling characteristics of the 
heat made with 285 grains moisture in the blast were due to lower 
melting and pouring temperatures, both of which would favor low 
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chill. After finding that the carbon and silicon recoveries in this 
heat were so low as to place its composition completely outside the 
range of the others, an additional heat was run at 200 grains mois- 
ture and the carbon and silicon contents of the charge were in- 
creased to yield final compositions nearly the same as the dry air 
heats. The data on this heat are included in Fig. § and it is evident 
that the chill depths were the same as for the dry air heats. 
Chill Depth—Hot Air 

$4. The chill depths of the irons produced with preheated air 
blast are shown in relation to composition in Fig. 10. Here as in 


the previous case, moisture has not had a pronounced effect on 
chill. In the carbon + 1/3 silicon range of 3.7 to 4.1 per cent, the 
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140-grain moisture heats had slightly higher chill than the 25 
to 40-grain moisture heats while at lower carbon contents the chill 
depths of these heats were comparable. The chill depths of the 
240 and 325-grain moisture heats were consistently on the low side 
of the seatter band which may have been due to their lower metal 


temperatures caused by the high moisture contents. 


Mu rostructure 

45. The microstructure of these irons consisted of fine grain 
pearlite and graphite. The latter for the most part was randomly 
distributed throughout the cross section of the bars with the excep- 
tion of a narrow band near the surface where some dendritism 
was usually observed as shown in Fig. 12. Ferrite was occasionally 
found associated with this dendritic graphite. Little difference 
between the heats could be seen except for the tendency for the 
depth of penetration of the dendritic zones to increase as the 


earbon and silicon contents decreased 


Mechanical Properties 

46. Variation in the moisture content of either the cold or 
preheated air heats had practically no effect on the mechanical 
properties as shown in Figs. 9 and 11. In each ease the properties 
fell in a narrow scatter band typical for such data. The tensile 
strength ranged from 38,000 to 45,000 lb. per sq. in., the Izod 
A.B. impact from 18 to 30 ft.-lb. and the transverse load 2,250 
to 2,700 Ib. 


47. The properties of the 200-grain moisture heat made with 
the higher carbon and silicon charge were included in Fig. 9. Its 
transverse strength was slightly higher than the scatter band of 
the standard heats. Microexamination revealed that the graphite 
flakes were a little more randomly distributed near the surface. 


48. There has been a general trend downward in properties 
as the earbon and silicon contents decreased due to the fact that 
the graphite in irons of these compositions becomes less randomly 


distributed, particularly near the surface of the castings, as the 


carbon content is lowered and consequently have inherently lower 
strength. It should be recognized that irons containing less than 
3 per cent earbon should be ladle inoculated to attain maximum 
properties and minimum chill'!. This treatment was undesirable 
in the present work since it was known beforehand that it would 











1042 


| 
} 
t 
v 
. 
r ss 





EFFECTS 


5 <t 
* 
} 
; 
a 
Be 
* 
+ 
¢ 


OF MOISTURE 


AND 


Rotio 


Ke 


+N. 


4 
~ ¢ 
“> 
“sy. 
x 
+ 
+-$l4 
¢ 
14 
Hits) 
V 
\4 
= 
fea, 4 
EN 
ey ; 
; n BY 
1 oS. 


— SS 


PREHEAT 





| 
| 
| 
; 
“w Mok 
| 
| 
‘es a 3 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
C 


>HO=m 
OP 8 a 





ON 





GRAY 


TEMPERATURES 


ON Mera 


18—Errect or Coke Ratio 


Fic 


IRON 











J. T. EASH AND R. E. SMITH 1043 


have erased the effects that moisture, preheat and composition 
might have had on the chill. 


EFFECT OF PREHEATED AIR BLAST 


Coke Ratio and Metal Temperature 

49. The effect of variation in the coke ratios for both cold 
ind hot dry air heats was determined over a considerable range. 
The resulting relations between coke ratio and metal tapping tem- 
perature during the course of several heats are illustrated in Fig. 
13. In the cold air group, the heats with 9:1 coke ratio reached 
a peak temperature of about 2775°F. and remained fairly steady. 
With 10:1 and 11:1 ratios a little higher peak temperature was 
attained but the temperature decreased near the end of the heats, 
and with a 13:1 ratio the temperature decreased steadily after the 
third tap, indicating insufficient coke in the charge. 


50. One of the most outstanding effects of the preheated air 
blast, shown in Fig. 13, was the 100 to 150°F. higher metal tem- 
peratures produced. The difference was about 60°F. for high 
moisture air as shown in Figs. 5 and 6. This increase in tempera- 
ture facilitates greatly the handling of the iron in the foundry 


and enables the use of higher pouring temperatures. 


51. By employing hot air, less coke splits could be used. Even 
with a lean ratio of 15:1, higher temperatures were secured with 
hot aii than any of the cold air heats. Comparing the most lean 
coke ratios in Fig. 13 that would produce iron above 2750°F., 
about 12:1 for cold air and 15:1 for hot air, a reduction of some 
20 per cent in coke is obtained through the use of hot air. These 
figures would probably vary somewhat in other cupolas depending 
upon production conditions and lengths of the heats involved. 


Element Recoveries 

52. The silicon, manganese and carbon recoveries were con- 
sistently higher in the heats with preheated air as shown in Fig. 7. 
The sulphur contents of the preheated air heats were about 1 point 
lower than for cold air. This probably is related to the use of 
less coke and to the higher temperature of the former. The nickel 


content remained at 1 per cent. 


Melting Rate 
53. Preheating the air to 900°F. had a pronounced effect 
on increasing the melting rate of the dry air heats but had little 
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effect at high moisture levels as can be seen on comparing Figs. 5 
and 6. The increase in melting rate due to preheating an air blast 
containing 50 grains moisture per |b. was about 600 lb. of iron 
per hour, or an increase of 18 per cent. 
Chill Depth 

54. <A comparison of Figs. 8 and 10 shows that the chill 


depths of the cold and hot air heats fall in the same scatter band. 
At the higher carbon and silicon levels the chill of the hot air 


heats is slightly higher, probably due to the higher pouring tem- 


peratures. The most pronounced effect of the preheat was to 
maintain the chill depth of the high moisture heats in the normal 
scatter band, whereas the chill in the 285-grain moisture heat 
using air at normal temperature was extremely low due to the 


low metal temperatures. 


Vechanical Propertves 

55. The preheated air blast had practically no effect on the 
tensile, impact or transverse properties as can be seen by compar- 
ing Figs. 9 and 11. The hardness of all the irons was about the 


same. 
Merat TEMPERATURE 


56. <A resumé of all the results of this investigation show 
that the temperature existing in the cupola during melting, of 
which metal tapping temperature was an indirect measure, was 
the main factor controlling the final characteristics of the iron 
Directly related to the cupola temperature were melting rate, 
metal temperature and composition of the iron. Indirectly affected 
were pouring characteristics, chill and properties. Variation in 
operating conditions such as changes in the blast temperature or 
moisture content of the air blast affected the iron indirectly as it 
affected the temperature of the metal. These latter effects are 
much the same as have been observed in blast furnace practice 


57. The relations between metal temperature and manganese 
and silicon losses and carbon pick-up are shown in Fig. 14. In- 
cluded in this chart are data on the carbon and silicon recoveries 
of three additicnal heats not previously considered which give 
added weight to the relation. Manganese analyses were not avail- 
able for two of them. Standard charges were used for these three 
heats but the blast or bed heights were different as indicated. It 
should be borne in mind that the data given in Fig. 14 are over-all 
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average temperatures and recoveries of the heats considered. When 
comparing cupola heats in this manner it is necessary to include 
data from the entire heat so as to include all the variable condi- 
tions existing in the coke bed throughout the run. 


58. It can be seen that the relations are quite consistent and 
that the silicon and manganese losses decreased with increase in 
temperature while the carbon pick-up increased. Indeed for two 
of the highest temperature heats, a slight increase in silicon con- 
tent occurred. Carbon becomes a better reducing agent as its 
temperature is raised and this probably accounts for the decrease 
in silicon and manganese losses. The solubility of graphite in 
molten iron increases with temperature'’’. It should be noted that 
heats having variations in preheat and moisture content of the 
blast are included and they occupy positions according to their 
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metal temperatures. In addition to lowering the temperature, 
moisture did have a mild effect on decreasing the carbon pick-up. 


CONCLUSIONS 


59. The authors have reached the following conclusions: 


l Tke medium carbon 1 per cent nickel iron, which 
has been used in this investigation; was found to have con 
sistently uniform chill and mechanical properties, except as 
affected by carbon and silicon variations, when produced 
under widely varying conditions. 


2) Temperature of the metal in the cupola was the 


main factor controlling melting rate, composition and 
properties 


3 Increases in the moisture content of the air blast 
caused a decrease in metal temperature and melting rate, 
and inereased the manganese and silicon losses. Lower carbon 
contents were obtained with high moisture air. Chill increased 


with decrease in carbon and silicon contents. 


} Moisture in the air had no individual effect on 
mechanical properties and chill except indirectly as it affected 
composition and metal temperature. 

3 Preheating the air blast to 900°F. resulted in an 
increase in the tapping temperatures of 100 to 150°F 
ereased the melting rate, decreased the silicon and manganese 
losses and allowed a reduction in coke consumption of about 
20 per cent 

6 Preheating the air had no individual effect on the 
properties, except as higher metal temperatures affect cast 
iron. 
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DISCUSSION 
Presiding: W.H. SPENCER, Thomas Foundries, Inc., Birmingham, Ala. 


R. A. CLarK! (Written Discussion): This paper presents several 
points of interest as it covers a subject on which there has been much 
speculation but very little published experimental work. It is to be 
hoped the authors will be able to carry on this work and to present 
further data in the future. There can be no quarrel with original re- 
search carefully done and accurately presented. However, there may 
be an honest and friendly difference of opinion as to the conclusions 
drawn. It is in this spirit the following discussion is presented. 


The authors have done an admirable job in condensing their data 
into a few graphs for presentation to the convention, but it would be 
interesting to see tap by tap data for a few of the individual heats. 
At first glance, one is apt to wonder if a 9:1 coke ratio between charges 
provides sufficient fuel to maintain equilibrium conditions in a cupola 
as small as 20-in. inside diameter operating on cold blast. According 
to the explanation of the method of burning in the bed, every effort 
was made to store as much heat as possible in the cupola lining and 
this, together with a rather high bed, would allow the cupola to carry 
through a short heat. I doubt very much if it would maintain satis- 





: Metallurgist, Lakey Foundry & Machine Co., Muskegon, Mich. 
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factory temperature throughout a heat much longer in duration than 
that used. That such was the case would seem to be indicated by the 
authors’ statement that the first few taps were usually high in carbon 
and silicon, while the last taps were lower in these elements than the 
average. Careful study of Fig. 8 in which chill depth is plotted against 
per cent carbon + 1/3 silicon will show a variation in individual 


taps from the following heats of Table 2. 


Table 2 


VARIATION OF PER CENT OF CARBON + 1/3 SILICON WITH VARYING 
MoIstuRE CONTENT 


Moisture per Carbon Variation of 

lb. of Blast Equivalent Carbon Equivalent 
17 grains 3.31 to 3.75 per cent 0.44 per cent 
20 re 3.34 to 3.85 “4 - 0.51 = - 
50 “9 3.36 to 3.70 é3 - 0.34 . 
140 és S206 3.77 ” ” — * 
200 ig 3.41 to 3.86 ” ” 0.45 ” ” 
285 és 3.03 to 3.36 ad ei 0.33 ” 5 


While a cupola of this size is admittedly cranky to operate, I do 
not believe most commercial operators would be satisfied with a heat 
in which there was a steadily decreasing yield of metalloids and prob- 
ably temperature as the heat progressed. If the coke ratio had been 
slightly less critical, the results might be more directly applied to 
commercial practice. 


The authors state that physical properties, such as depth of chill 
and tensile strength, vary with carbon and silicon content. Since prac- 
tically all heats were made up of the same charge, any change in com- 
position was the direct result of variations in the degree of oxidation 
of metalloids during the melting operation. I believe it is general opin- 
ion that chill depth, for instance, is affected by conditions in the cupola 
at least as much as by variation of carbon and silicon. In these heats, 
cupola losses and analyses ran parallel and properties varied rather 
closely with analysis. In commercial heats, not melted under laboratory 
conditions, the analysis of the metal would probably not parallel cupola 
conditions so closely. 


The authors found a rather decided decrease in melting rate with 
increasing moisture in the blast. I would like to suggest that this is 
at least partially due to the fact that as the moisture content of the 
blast increases, the amount of available air or oxygen decreases. Thus, 
for a maximum moisture content of 24.9 grains per cu. ft. of blast, 
we would have a decrease of available oxygen of about 7.5 per cent. It 
was noticeable that some of the hot blast heats showed losses as high 
as 20 per cent in melting rate with increasing moisture content. I 
wonder if the authors could present any explanation of such a high 
variation in the speed of melting. 
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Also, I would like to ask the authors whether any attempt was 
nade to determine fluidity and general castability of metal melted with 
lifferent amounts of moisture in the cupola blast. 


R. H. WATSON?: The members may be interested to know about 
the effect of dry blast on pig iron. A number of years ago I was em- 
ployed by the Carnegie Steel Co. when James Gayley introduced a 


iry blast. 


I was chemist at the Isabella furnaces in Pittsburgh and we found 
1umber of very interesting things connected with it. We found that 
we could increase the weight of the charge 25 per cent without decreas- 
ng the silicon content in the iron or without affecting the manganese. 


The effect we found on the iron was that while there was no 
nerease in the total carbon, there was a material decrease in the 
‘combined carbon. I followed this through the various steel making 
processes, that is, both the Bessemer and the open hearth. 


We found that this higher graphitic carbon iron when blown in 
he Bessemer converter would take about 300 or 400 lb. more steel in 
the vessel than when the iron was blown directly with the ordinary 


last. 


In the open hearth furnaces, we found that we were able to shorten 
the conversion time about 2 hrs. by using this. I was afterwards em- 
ployed by a foundry and I decided that I would invent a dry blast 
for the cupola. I made two drums and connected them with about 8 or 
10 ft. of pipe, four pipes, about 8-in. in diameter. 


We blew the cold air from the bore into this bottom drum and then 
into the tuyeres. We were able to get an air temperature of about 700°F. 
I had the same experience as these young men. The only difficulty was 
that one day I forgot to cut the wind at the end of the heat and my 
invention was melted in the cupola. 


I believe the next great step is in the cupola hot blast. I have fol- 
lowed the Griffin and James MacKenzie’s method down in Birmingham 
The results are very gratifying. 


MEMBER: Did you vary the height of the metal that was held in 
the cupola? 


Mr. SMITH: The iron was tapped at 9 min. intervals and we usu- 
ally tapped out around 400 to 450 lb. of metal on each tap. 


MEMBER: I mean the depth of the metal in the cupola. Did you 
tap as melted or did you hold a well of metal in the bottom of your 
cupola? How much metal were you holding in there—one, two, or three 
charges? 


Mr. SMITH: The metal in the well was completely drawn off at 
each tap, that is with the exception of 75 to 100 lb. which was below 





? Metallurgist, Hanna Furnace Corp., Detroit, Mich. 
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the tap hole. Each tap then contained the metal from about two 
charges. 


MEMBER: I know that your work was all done with the blast 
volume specified. I wonder if any effort was made to keep the oxygen 
content constant in your experiments. 


Mr. SMITH: When we were running high moisture in the blast, 
the amount of available oxygen in the air was decreased. 


MEMBER: I wonder if some of the results you obtained are not 
through the fact that the oxygen content was less, instead of the fact 
that the moisture content was greater? 


Mr. SMITH: We did run some other heats with dry air at lower 
blast volumes, one at 750 cu. ft. per min. and one at 700 cu. ft. per min, 
In both cases we found that the effect of decreasing the oxygen in the 
air was much less than replacing the oxygen by an equivalent amount 
of water. 


MEMBER: That answers my question. A lot of us were thinking 
we would get the same results by lowering the blast, with the moisture 
content constant, so there was a good chance to confuse the two. 


MEMBER: What erosion of the cupola wall did you get when you 
had 900°F. of blast only 1%-in. on either side? 


Mr. SMITH: 3etween 1% and 2-in. of erosion. 


MEMBER: What erosion did you have when you were melting just 
normally without the preheat? 


Mr. SMITH: The erosion of the lining when operated with air at 
atmospheric temperatures was somewhat less than when using 900°F. 
air and amounted to about 1%-in. 

Mr. WATSON: We have found in blast furnaces from the early 
days when we were able to get 900°F. on the blast to the present time, 
when we get 1,700°F., that on microscopic examination of the pig iron, 
the higher blast temperature causes a smaller carbon flake and a greater 
reduction in the combined carbon. Have you ever made any slag 


analysis? 
Mr. SMITH: Yes, a few. 
Mr. WATSON: What has your iron oxide content run to? 


Mr. SMITH: It depends on the moisture in the blast, but it ran 


around 3.5 to 4 per cent with dry air heats and up to 11 per cent on a 
heat run with the air blast moisture at 285 grains per lb. 


J. A. Bowers*: With reference to the silicon, manganese loss 
near the end of a heat, we have always found that we lost more silicon 
and manganese when we discontinue charging, so our practice is to 


* Melting Supt., American Cast Iron Pipe Co., Birmingham, Ala. 
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decrease the amount of air as we draw near the end of the heat. In 
this way we avoid an excessive loss of silicon and manganese. 


Mr. SMITH: In our heats we measure the actual cubic feet of air 
going through the cupola and we charged the complete charge at the 
eginning. The pressure at the start of the heats ran up as high as 
22 oz. per sq. in., and then it gradually dropped off as the heat 
progressed and the burden in the cupola decreased. Towards the end of 
the heat, it dropped down to about three oz. pressure, but the air blast 
volume was maintained at 805 cu. ft. 


In several heats we adjusted the silicon and manganese in the 
charge to maintain them uniform throughout the melted metal and 
found there was practically no more oxidation toward the end of the 
heat than at the start. 


MEssrs. EASH AND SMITH (Authors’ Closure): The authors wish 
to thank the gentlemen for their comments. 


In regard to Mr. Clark’s remarks on the coke ratios in these heats, 
each was adopted after several runs had been made using varying 
quantities of coke. The 9:1 ratio for the coal air heats gave high 
temperature and melting rate for the blast used and was the optimum 
when everything was in step. The same was true of the 11:1 ratio in 
the preheated air heats. In determining the effect of moisture on these 
two series, it seemed advisable to operate from these balanced critical 
conditions rather than from one less critical or with a factor of safety 
which might mask some of the effects produced. 


It is entirely possible of course that in another cupola with the 
bed prepared in a different manner this ratio would be insufficient. 
However, in the present case it was adequate to maintain a steady 
increase in temperature to the end of the heats using dry air. Two of 
the highest moisture heats fell off in temperature about 45°F. towards 
the end which is not unusual for small cupola operation. One 5,000 
lb. heat was made using the 9:1 coke ratio and a uniform temperature 
was maintained throughout. 


It was considered that possibly the 9:1 coke ratio was too low for 
the high moisture heats so a comparison was made with a heat 
running on a 7:1 ratio, both at 200 grains moisture per lb. of air. 
The latter ratio did maintain a little more uniform conditions but the 
maximum and average metal temperatures were 65 and 40°F. lower, 
respectively, and the melting rate was lower. 


The spread in carbon equivalent from beginning to end of the heats 
was due mainly to two factors. The first taps were high in carbon 
content as a result of the initial high reactivity of the bed and well coke 
and the slower than normal melting rate. The second cause of the 
variation was due to the silicon melting ahead of the rest of the charge. 
Usually 0.50 to 0.75 per cent silicon as silvery pig was placed on top 
of each charge and as the charges and coke splits were small it tended 
to run ahead. Early melting was most obvious in the preheated air 
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heats where the first taps contained much higher silicon than was 
charged. This in turn depleted the later taps in silicon. In cases where 
we are primarily interested in securing a uniform composition through 
out the heat, suitable adjustments are made in the spacing of the pig 
iron and silvery throughout the charge of the entire heat. The results 
of these heats show that little increased oxidation of the silicon occurs 
at the end of the heat. 


The authors are aware that the carbon equivalent variation js 
greater than would be desired by most commercial operators; howeve1 
in the present work involving the determination of the effects of moisture 
and preheat it was deemed advisable to maintain a uniform spacing 
of the charge rather than to vary too many things at once. As a matte 
of fact, the variation in composition has certain advantages in this case 
because it shows the effect of moisture and preheat on the properties 
of irons of considerable variation in composition. 


The marked decrease in the melting rate of the highest moistur 
content heat in the preheated air series was due to the decrease in metal 
temperature. 


determine the effect of moisture on the 


We did not attempt t 
fluidity of the iron 








An Experiment in Efficient Crucible Melting 


By G. K. Eaa.eston*, MANSFIELD, OHIO 


Abstract 


The author of this paper has, over a period of years, 
done considerable work to increase the efficiency of cru- 
cible melting. The work was started because the writer 
felt that if crucible melting furnaces had the same 
amount of engineering skill incorporated in their design 
as was used in the development of electric furnaces, the 
former type melting unit would be more efficient. The 
words “more efficient,” from the author’s standpoint, mean 
not fuel efficiency alone but rather efficiency of the entire 
melting cycle, including both material and personnel. 
This present paper is a continuation of the work reported 
at the Cincinnati convention of A.F.A.1 in 1939 and at a 
regional conference at Michigan State College, East Lan- 
sing? in 1940 sponsored by the Detroit Chapter. The 
author points out that furnace operation is divided into 
five phases: (1) Fuel efficiency, (2) refractory efficiency, 
(3) metal quality and metal loss, (4) labor, and (5) work- 
ing conditions at the furnace. The forepart of his paper 
reviews the methods by which these various phases are at 
present controlled and then proceeds to explain the basis 
upon which the experimental furnaces described in the 
present paper were designed. He gives data on these vari- 
ous phases as determined in three types of furnaces: 
(1) the conventional stationary or tilting furnace, (2) a 
recirculating non-sealed type furnace, and (3) a recircu- 
lating sealed-in type furnace. His results show that the 
first and the last types are about equal, but that the sec- 
ond type has a marked advantage over the other two due 
primarily to the advantage of passing the products of 
combustion over the top of the crucible. He also gives 





* Chief Engineer, Barnes Mfg. Co. 

1 Eggleston, G. K., “Efficiency in Crucible Melting,”’ Transactions, American Foun 
drymen’s Association, vol. 47, pp. 450-468 (1939). 

2 Eggleston, G. K., “Recent Developments in Melting Furnaces,” Regional Con- 
ference, Michigan State College, East Lansing, Mich. (1940). 

Nore: This paper was presented at a session on Non-Ferrous Founding at the 45th 
Annual] A.F.A. Convention, New York City, May 12, 194i. 
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information on his observations on the effect of flux in 
melting charges composed of red brass borings and also 
on crucible life. From his experiments, he concludes that 
the recirculating sealed-in furnace is as efficient as the 
conventional type, that it can be operated with greater 
comfort to the operator, that the metal loss in that type 
furnace can be as low as any of the brass melting fur- 
naces in use today, and that the recirculating open-top 
furnace has a higher fuel efficiency than the sealed-in or 


conventional types. 


l. In this paper, furnace operation is divided into five 
phases: (1) Fuel efficiency, (2) refractory efficiency, (3) metal 
quality and metal loss, (4) labor, and (5) working conditions at 
furnace. This last item has been looked upon, to a considerable 
extent, as a necessary evil of crucible melting, but with the rather 
recent enactment of industrial health and labor legislation, we 
are forced to look at this phase in a somewhat different light. 


Fuel Efficiency 

2. It has been shown in previous work that the first requisite 
of fuel efficiency is control of combustion, that is the ratio of air 
and gas or air and oil. It is possible to reduce fuel efficiency 50 
per cent by employing an improper air-fuel ratio. There is not 
much excuse for this as there are several burners, both gas and oil, 
on the market that will maintain proper ratios under normal con- 
ditions. Assuming the air-fuel ratio is correct, the amount of heat 
that is transferred to the metal depends upon two factors: (1) The 
rate of fuel input and (2) design of furnace. Within reasonable 
limits, increasing fuel input increases fuel efficiency. This increase 
is basically due to the increase in furnace temperature. As the 
furnace temperature controls the melting speed, maximum metal 
temperature and, under normal conditions, the fuel efficiency, it 
will be referred to repeatedly in the remainder of this paper. 


Refractories 

3. Refractories for furnace construction have developed 
rapidly in the past few years to the extent that almost regardless 
of the duty required, there is a product available. This develop- 
ment has been along two lines: (1) conventional refractories and 
(2) insulating refractories. Not so many years ago, an insulating 
refractory was limited to 1600°F., now 2400 - 2600°F. is considered 


1 See same footnote number, page 1058. 
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a standard item with new ones appearing on the market claiming 


to withstand well over 3000°F. 


Vetal Quality and Loss 

4. If a ecrucible-type furnace produces metal of the same 
quality as that of the metal charged, it can be considered as per- 
forming its task satisfactorily as far as metal quality is concerned. 
It is possible to improve metal quality during the melting opera- 
tion, although this comes under the heading of refining rather than 


straight melting. 


5. Normally, metal ean be damaged during melting from at 
least three causes: (1) Contact with an undesirable furnace at- 
mosphere, (2) overheating or holding, especially at a high tempera- 
ture (slow melting has the same general effect as holding) and 
3) the use of undesirable materials in contact with the metal, such 


as improper fluxes. 


6. The loss of inetal during melting, aside from that by 
spillage, can be attributed to volatilization or oxidation, or a com- 
bination of both. The volatilization, or loss of metal by evapora- 
tion, at any specified temperature, is affected to a considerable 
extent by the velocity of flame or products of combustion passing 
over the metal. The loss by oxidation depends upon the oxygen 
content of the products of combustion as well as their velocity 


over the metal. 


Labor 

7. The amount of labor involved in operating a furnace de- 
pends upon its melting speed, the physical effort involved in 
charging and removing metal from the furnace, and the working 
conditions around the furnace in regard to heat, smoke, fumes, ete. 


EXPERIMENTAL FURNACE DESIGNS 


8. The experimental furnace designs described in this paper 
were an effort to design a furnace that would have high fuel 
efficiency, fast melting, a minimum of contact between products 
of combustion and the molten metal, low metal loss and better 


working conditions at the furnace. 


9. There are tilting crucible furnaces known as the sealed-in 
type that tend to accomplish two of the above desired characteris- 
ties, namely, no contact with the flame and, consequently, low 
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metal loss. It is generally admitted that this type furnace does 
not have as high a fuel efficiency nor melting speed as the more 
conventional type where the flame passes over the top of the eru- 
eible and gives up some of its heat to the metal. 


10. Our first problem was to find some way of getting more 
heat into the metal without passing the combustion products over 
the top of the crucible, thereby removing one of the objections to 
the sealed-in furnace. From past work, we knew this could be 
accomplished by increasing the furnace wall temperature. This 
could be done by two methods: (1) Increasing fuel input, or (2 
preheating the air or fuel or both. As the fuel input was at its 
practical input limit, further increase was not considered. Pre- 
heating the air to around 1000 to 1500°F. produced the desired 
result but the necessary preheating equipment would have required 
so much development work that some other method was sought. 
The furnace had been heavily insulated to reduce heat loss through 
the shell to a minimum. 

11. A chance remark by a refractory engineer gave us the 
cue we had been seeking. He stated, during a discussion on heat 
losses through furnace shells, that the most efficient furnace he had 
seen in regard to fuel consumption, were set so close together that 
there was so little air circulation around them that the heat from 


the shell could not get away. 


Heat Transfer 

12. This brought to our attention one of the basic rules of 
heat transfer, namely, that the quality of heat conducted through 
a solid, which in our case would be the furnace wall, depends upon 
the difference in temperature of the two sides. In a furnace, it 
would be the flame temperature on the inside and the room tem- 
perature on the outside. To illustrate this, let us assume a flame 
temperature of 3100°F. and a room temperature of 100°F. This 
is a difference of 3000°F. Under these conditions, we might be 
losing 1500 B.T.U.’s per square foot of furnace shell area even 
with a well insulated furnace, and three to five times this figure 
if uninsulated furnaces are used. Assume the room temperature 
in the vicinity of the furnace shell is increased from 100°F. to 
600°F. The temperature difference would be reduced from 3000°F. 
to 2500°F. This in turn would reduce the loss from 1500 B.T.U.’s 
to 1250 B.T.U.’s, a reduction of 17 per cent, but why stop here? 
Why not heat it to 1000°, 1500°, or even 2000°F.? This would 
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reduce the loss about 66 per cent 11 we could only find some prac- 


tical method to accomplish this 


13. The method used is illustrated by Figs. 1 and 2. Fig. 1 


illustrates a conventional type, sealed-in, crucible tilting furnace, 
used by the writer. Figure 2 illustrates the method used to heat 
what was normally the shell of the conventional furnace, illustrated 
by Fig. 1, to a temperature above 2000°F. This was accomplished 
by removing the original steel shell, leaving a suitable space out- 
side the original insulation for flue travel and then constructing 
a second wall of insulating refractory. The original shell then 
was replaced by one of greater diameter. Instead of exhausting 
the flame from the crucible chamber through one or two large 
ports, a number of smaller ones were psed to give better distribu 
tion of heat 

14. The possibilities of a furnace of this type were first 
checked in the laboratory using a furnace of 15-lb. capacity. Nu 
merous designs were tried out before this construction was con 
sidered practical enough to warrant the construction of a furnace 


approaching commercial dimensions. Before describing the results 
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tained from the furnace designed to take a No. 80 erucible, some 
the 15-lb. 


3 shows the construction of 


the data obtained from furnace will be presented 


this furnace. 


‘fect of Fuel Input 


15 


nel SI 


tarting 


Ficure 4 shows the rate at which the crucible was heated 


from a cold furnace. Time is plotted against crucible 


using 





mperature four different rates of fuel input; namely, full 
Irn capacity (100 per cent also 85, 70, and 55 per cent 
pacity. It can be seen that to heat the crucible to 2200°F., it 
would take 37 minutes with the burner wide open, 47 minutes 
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at 8d per cent capacity, 67 minutes at 70 per cent capacity and 
140 minutes at 55 per cent capacity. There does not seem to be 
much doubt that increasing the fuel Input will decrease the heat 
ing-up as well as the melting time. Let us see what effect the fue 


input has on total fuel used to heat the furnace to 2200°F 
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SAME Data aS USED IN Fic. 4 Bur PLotrrep to SHOW THE RELATION BETWEEN 


FURNACE TEMPERATURE AND Gas CONSUMPTION. 


16. Figure 5 is this same data, except the furnace tempera- 
ture is plotted against gas consumed, instead of against time, as 
in Fig. 4. This reveals several interesting points. Below about 
1850°F., the rate of fuel input within the range used has littl 


or no effect on the thermal efficiency. This same condition was 
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noted several times in previous work and would tend to indicate 
that the thermal conditions existing in a furnace operating below 
1900°F.. are appreciably different from those existing in a furnace 
operating at 2200°F. or higher and therefore might require an 
entirely different treatment to improve their efficiency. Above 
1900°F., the higher fuel inputs show a lower overall fuel consump- 
tion. At 100 per cent input, it required 26 eu. ft. of gas to heat 
the erucible to 2200°F., 27 cu. ft. at 85 per cent, 33 eu. ft. at 70 
per cent and 39 ecu. ft. at 55 per cent. In other words, by increas- 
ing the fuel input from 55 to 100 per cent, the heating-up time 


was reduced by 1/3 and the fuel consumption reduced 33 per cent 


OPERATING FURNACE DATA 


17. Now let us pass on to the furnace designed to take a 
No. 80 crucible. For the purpose of comparison, this furnace was 
operated under three sets of conditions: (1) as a conventional 
stationary or tilting furnace with flame passing over top of crucible 
(Fig. 6), (2) as a recirculating non-sealed furnace (Fig. 7), and 


(3) as a recirculating sealed-in furnace (Fig. 8). 
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18. The first tests on these furnace designs were made to 
determine (1) their speed of heating, starting from a cold furnace; 
2) the maximum temperature obtainable with a given fuel input; 
nd (3) the temperatures obtained in various parts oi the refrac- 


ries of which the furnace was constructed 


1 ¢ eT Conditions 


19. Figure 9 shows the crucible temperature plotted against 
me for the three furnaces just described. The fuel input was 
held constant at 232 cu. ft. of 1000 B.T.U. gas. The COs content 


was 11.6 per cent with just a measurable amount of O» 
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Fic. 9—RatTe oF HEATING CRUCIBLE IN THE FURNACES SHOWN IN Fics. 6, 7 AND 8. 
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Fic. 10—LocaTion or TEMPERATURE READINGS aS REFERRED TO IN TABLE 1. 


E ffic rency Test Results 

20. These curves indicate there is not a great deal of dit 
ference in the’heating up time between the conventional design 
(Fig. 6) and the sealed-in recirculating design (Fig. 8). The 
former holds a slight advantage below 2200°F. and the latter is 
somewhat superior above 2200°F., which is the region where the 
advantage is most useful. From this, we might predict that we 
were successful in raising the efficiency of the sealed-in furnace to 
that of the conventional furnace. Melting tests described later 


bear this out. 


21. The recirculating open top or non-sealed furnace (Fig. 7) 
shows a marked advantage over the other two. This is to be 


expected as we are getting the advantage of the higher furnace 


temperature, due to recirculation, plus the thermal advantage of 


passing the flame over the top of the crucible. 


22. Table 1 gives the temperatures at various parts of the 


refractories during the preceding tests. (See Figure 10.) 
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Observations on Effect of Flux 
23. It was originally planned to repeat the foregoing tests at 

veral fuel in-puts, but circumstances required the termination 

this work before this could be accomplished. It may be of 
nterest to mention our observations on the effect that different 
fluxes had on the quality of the metal produced. In the melting 

red brass borings, even in the sealed-in furnace, there seemed 
to be enough air in the voids between the chips to produce a film 
f oxide on them. It is necessary to remove this film before melt- 
ng will proceed properly. This could be done in two ways: (1 
mechanically, by violent stirring after the mass had become plastic, 
yr (2) by dissolving the film with a slag-type flux, such as borax 
x borax combined with other materials, such as glass or sand, to 
vive a slag of a desired consistency. Charcoal placed in the bottom 
r on the top of the crucible seems to have little effect on this 
nitial oxidation 


24. The metal melted without a flux, or with charcoal, had 
a considerable amount of dross on top of the metal, whereas, that 
melted with a slag-type flux was free of dross and showed con- 
siderably less melting loss. As an illustration, red brass borings 
melted in the sealed-top furnace without a flux showed a metal 
loss of 3.8 per cent, while those melted with a flux composed of 


50 per cent borax and 50 per cent old glass showed 2.5 per cent loss. 


Uelting Speed 


25. If the dross obtained by melting without a flux was re- 
melted with the fiux just mentioned, a major part of the metal can 
be recovered. Red brass ingot melted with this flux showed a melt- 
ing loss of 0.53 per cent. If sufficient flux is used to produce an 
unbroken seal over the top of the metal, this low metal loss can 
be obtained from any one of the three types of furnaces considered 
in this paper 


Table 1 


FURNACE TEMPERATURES 


—_—_—_ — Time— — —— 

-——60 Min. \ oa 120 Min. — -——180 Min.—. 
Fig. No. 6 7 8 6 7 8 6 7 8 
1) Crucible  ....0.................--.....-...-- 1725 1720 1680 2190 2280 2170 2350 2580 2430 
(2) Inner refractory wall... 1720 . 2190 2280 2810 2870 2580 2580 


(8) Inner primary insulating wall , ‘ 2150 2270 2280 2850 2580 2550 
(4) Flue passage .....................-... 300 1180 1210 8380 1880 1820 1220 2080 2100 
(5) Shell temperature ............ pai Be ‘ ee cians 300 6680 )—s« 685 
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26. Data comparing the melting speed of the three furnace 
designs shown in Figs. 6, 7 and 8 was obtained when melting red 
brass borings and using 14 lb. flux composed of 50 per cent erystal 
borax and 50 per cent glass, per 100 lb. of metal charged. The gas 
in-put was held constant at 300 cu. ft. per hour of 1,000 B.T.U 
cas throughout the tests. The COs content was maintained at 11.6 
per cent. In each ease, five consecutive heats of 200 lb. each were 
run, starting with a cold furnace. The metal was brought to 
2200°F. and immediately poured. Table 2 is a tabulation of this 


data. 


27. From Table 2, the conventional furnace and the sealed-in 
type are very close on the fuel consumption ; 2.65 eu. ft. per lb. 
for the conventional type, and 2.63 cu. ft. for the sealed-in type. 
The recirculating open top furnace shows a 7 per cent lower fuel 
consumption than the other two, or 2.47 cu. ft. of gas per lb. melted 


28. It was our original intention to start with a gas in-put 
of 300 cu. ft. per hour and increase it by steps to 500 cu. ft., this 
being about the in-put a furnace of this size should operate at, 
for near maximum efficiency. However, as stated previously, the 
work had to be terminated before tests at these other in-puts could 
be completed. Still this test at 300 cu. ft. gas in-put per hour indi- 
ates a gas consumption below average, even though the melting 
time was much too long. This might be attributed, in part, to 
operating under ideal or test conditions, but the only part of 
the test that differed from most foundry practice was that the 
metal was poured when ready and the empty furnace was charged 


promptly. 


29. Many foundries can reduce materially both their fuel 
consumption and metal loss by making an effort to coordinate their 
operations so that metal can be poured without holding after reach- 
ing the desired temperature and then recharging the furnace 


promptly. 


Crucible Life 

30. This furnace was not run long enough to definitely give 
an indication of its practicability, but the first crucible used in 
the sealed-in type furnace ran over 70 heats under conditions more 
severe than is usually encountered in normal foundry melting. 
Some 50 of these over 70 heats were melting very dirty and greasy 
scrap that required strong fluxes. There also was considerable 
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mechanical abrasion. The final crucible failure was from a unifi 
thinning down of the crucible wall. 


31. The structure of the furnace refractories appeared 
perfect condition after this first crucible was removed. How it 
would look after 2000 heats is hard to say. 


CONCLUSIONS 


32 [It is believed this work warrants the following ¢o1 
clusions 
1. That the recirculating, sealed-in furnace is as efficient 
is the conventional furnace when both have the same refrac 
tory and insulation construction. 


2. The recirculating sealed-in furnace can be operated 


with greater comfort to the operator than the other furnaces 
described in this paper. This is due to the fact that the 
yperator has no occasion to come in contact with the flame 
In this respect, the furnace is reasonably comparable to th 
ric induction furnace. 
3. The metal loss in the recirculating, sealed-in furnace 
can be as low as any of the brass melting furnaces in use 
today, also the loss in other types can be improved by use 
of proper fluxes and control 

4. The recireulating, open-top furnace has higher fue 


efficiency than either the sealed-in or conventional furnaces 
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DISCUSSION 


Presiding: W. J. Lairp, Westinghouse Electric & Mfg. Co., E. Pitts- 
burgh, Pa. 


Co-Chairman: WILLIAM ROMANOFF, H. Kramer & Co., Chicago. 


G. M. THRASHER!: Mr. Eggleston says that the sealed-in type 
(such as Figs. 1, 2, 3 and 8) is slightly less efficient than the one in 


which the circulation takes place over the top, is that right? 
MR. EGGLESTON: Yes, 


Mr. THRASHER: Was not that perhaps largely due to so much less 
surface exposure to heat? That is, you used a higher stool in the furnace 
to seal it in. 


Mr. EGGLESTON: So far as the tests we ran are concerned, those 
dimensions were kept constant. 


Mr, THRASHER: How do you seal the crucible against the lid? 


Mr. EGGLESTON: We did not seal against the lid, but used a ring 
between the crucible and the furnace wall. We also used a crucible 
with this ring. This construction is shown clearly in Figs. 2, 3 and 8. 


Mr. THRASHER: If you had a crucible with a couple of inches at 
the top that ran to the lid, as shown in Fig. 7, you would still have 
your circulation around perhaps 3 or 4-in. more surface close to the 
top of the crucible. You would have to have a longer crucible, in 
other words. 


Mr. EGGLESTON: If you want to speak of the shape of the crucible, 
the present-day crucibles could be designed to present more heating 
surface. 


Mr. THRASHER: In some cases, they enlarge the zone around the 
stool to a greater extent, instead of having such a straight wall. It 
gives more room for combustion. 


Mr. EGGLESTON: It is not shown in any of the illustrations but 
our tunnel was probably somewhat larger than is normally used. My 
feeling on the matter is that all combustion should take place before 
the gases enter the crucible chamber. You do not want any burning 
taking place in the crucible. 


Mr. THRASHER: Many foundries allow the crucible chamber to fill 
almost to the top of the stool with slag which cuts down the melting 
efficiency very rapidly. 


Mr. EGGLESTON: It is very important to have a tunnel big enough 
to allow proper combustion to take place underneath the crucible so that 
it is completed before the gases get up around the crucible. Crucible 
life can be increased very materially if this is done. 


*R,. Lavin & Sons, Inc., Syracuse, N. Y. 














1070 EFFICIENT CRUCIBLE MELTING 


E. J. METZGER*: According to the paper, the gases seem to go 
around the crucible and then exhaust out at the bottom. Why do you 
eall it a recirculating system? 

MR. EGGLESTON: I had to think of a name and that is the first 
thing that came to me Figure 1 illustrates a conventional crucible 
furnace with the flame exhausting at the top. The principle of recircu- 
lation is to bring the exhaust heat down around what was the outside 
of the conventional furnace as shown in Fig. 2, thereby bringing this 
surface up to a temperature of possibly 2000°F. This tends to stop 
the heat losses through the shell. 


I have seen some shell temperatures well over 700°F. At such 
temperatures, you are losing a large portion of your heat through the 
shell. The idea of this design was to stop that entirely, or come as 


close as we could. 


B. A. MILLER I would jike to ask about your curve, showing the 
melting time with this new feature. The chart indicated that on your 
No. 5 crucible, you required 45 min. to increase the temperature to 
2200°F. The chart also indicated that it required 165 min. to melt the 
contents of a No. 80 crucible. If I have read these figures correctly, 
I do not think that you have made any particular gain. 


Mr. EGGLESTON: When we started taking this data, we started 
at a very low input. The fuel input, for the data in Fig. 6 was only 
232 cu. ft. per hr., which is small for a No. 80 crucible. If that input had 


been up around 500 or 600 cu. ft. per hr., where it should have been for 
that size crucible, it would have melted much faster. 


Mr. MILLER: Did not one of your curves show 500 or 600 cu. ft.? 


Mr. EGGLESTON: The highest curve we got to, before we had to 
terminate the work on account of certain conditions, was around 300 
cu. ft. per hour. I realize that is too low an input. We had some data 
on it but it was not complete enough to present here. When the input 
is as high as 500 or 600 cu. ft. per hr., the melting speed is around 


45 min. 


MEMBER: This is a new, peculiar type of furnace that I have never 
seen before and my question would be on the gas. Is that burner sealed 


to the outlet or open? 
Mr. EGGLESTON: It is sealed in. 


MEMBER: Looking at the furnace lining and the insulation, it has 
a silicon-carbide lining, requires two insulations and also an area for 
the gas. It looks to me as though it would take an awful lot of room 
for a No. 80 crucible. It would almost mean 35 or 40-in. as the diameter 
of that furnace. 


2 Falcon Bronze Co., Youngstown, Ohio. , 
* Metallurgist, Cramp Brass & Iron Div., Baldwin Locomotive Works, Phila- 


delphia, Pa. 
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Mr. EGGLESTON: The silicon carbide wall is 2-in. thick. There fol- 
ws 2%-in. of insulation, a 2%-in. flue travel and another 2%-in. of 
nsulation. These make a total diameter of about 37-in. It is probably 
8 or 10-in. larger in diameter than the ordinary furnace 


Mr. THRASHER: What was the temperature you gave for the down- 
ike exhaust? 


Mr. EGGLESTON: It wouid run around 2100°F., 
Mr. THRASHER: Would not that seem to be a little 


Mr. EGGLESTON No, it would not be too high for the insulating 
efractories used. Some insulating refractories of this type are claimed 
stand 3000°F. The insulating refractories did not seem to deteriorate. 
We had only worn out one crucible when this work was stopped. The 
imnace is still in operation after replacing several crucibles with no 


gn of failure in the refractory construction. 


W. G. BRAYER?*: In connection with this construction, did you figure 
the added cost of building a furnace of this type as against the savings 
effected by it and whether tnese savings in full would warrant construc- 

mn of the furnace? Did you figure the extra refractory material, insu 
ating material, and the upkeep costs would be less than the saving 


> 


that would be made in gas consumption? 


Mr. EGGLESTON: This was purely experimental work. This furnace 
has not been developed to the point where I would say that it is a 
ymmmercial item. It has not been run long enough. 


MEMBER: It seems to me that the efficiency of this furnace would 
lepend upon the heat transfer from the gas to the crucible and that 
the insulation loss is a negligible factor because the heat is already used 
n melting the metal when it passes the crucible. After that point, it 
s not an important factor. If the insulation were doubled or trebled 
n the same furnace, we would have practically the same results. In 
other words, the outside of this shell would be practically the same 


temperature whether the gases recirculate or not. 


I had this experience with an electric furnace. We properly insu 
lated it with about 4%-in. of firebrick, about 1%-in. of insulation, and 
you could almost lay your hand on the outside steel shell, even though 
the inside was about 2300°F. I am talking about a brass melting furnace 
now. And I do not quite see why this recirculation should increase the 
efficiency of melting. The heat transfer is directly related when it 


passes the point where it goes into the crucible. After that point, the 


heat loss is the same whether you wind it around the by-pass or not. 


Mr. EGGLESTON: I think you find in crucible melting the tempera- 
ture of the furnace wall surrounding the crucible is a most important 
factor in the speed of melting. You can insulate it if you want to, but 
if the heat loss through the furnace wall is very rapid, you are not 


‘Foundry Superintendent, Bausch & Lomb Optical Co., Rochester, N. Y. 











1072 EFFICIENT CRUCIBLE MELTIN« 


going to keep it at a high temperature A major part of the heat 
that goes into the crucible is radiated off the furnace wall. What you 
try to accomplish is to keep the face of this wall at the highest tempera- 
ture possible. According to your argument, you would almost say that 
you would not need a wall, or have it water-cooled, if you wish, but 
you would not melt metal very fast. 


Mr. MILLER: This is a venture in the right direction. We speak 
of the control of atmosphere. There you have an ideal condition fo 
controlling gases. If you would find out whether you are getting CO, 
CO,, free oxygen, ete., you could control the oxidizing atmosphere. I 
think it is a step in the right direction. 


OLIVER PRITCHARD®: We experimented with such a lining as de- 
scribed by Mr. Eggleston. We have had upwards of 5000 heats with 
this particular type of lining. I should like to remind you that the 
purpose of the silicon carbide lining is merely to protect the structurally 
weaker insulating refractory, and the purpose of the insulating refrac- 
tory is to reduce the heat losses through the shell and thereby permit 
a greater heat transfer by radiation into and through the crucible 
We have had considerable increase in speed and a decided reduction 
in fuel consumption and economy in metal losses due to this particula) 
type of lining. 


MEMBER: What size combustion area do you use in relation to th 


largest diameter crucible? Did you do any experimenting with the sides? 
Mr. EGGLESTON: We used 1%-in. for the No. 80. Some of our pré 
liminary work indicated that was somewhere in the right vicinity. 


MEMBER: You are using natural gas? 


Mr. EGGLESTON: That was 1000 B.T.U. natural gas. The work has 
not extended far enough to make a definite statement, but the larger 
openings did not seem to make much difference. 


MEMBER: The only reason I asked that question was because | 
heard of some research work being done 5 or 6 years ago on natural 
gas in the western Pennsylvania district and the engineer got the fur- 
nace combustion line up so close they had to cut it out to get the 
tongs in. The lining was less than an inch. [ believe they were using 
a No. 70 or 80 crucible. 

’ 

Mr. EGGLESTON: You are limited to about 2-in. on a side with the 
recirculating stationary furnace because of the tongs, but with th« 
tilting furnace, there is no reason why an opening of that size should 
not give good results. 


MEMBER: His experiments showed that the more he drew in the 


walls, the more efficient the furnace became. 


Brooklyn Union Gas Co., Brooklyn, N. Y 
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Mr. EGGLESTON: The little experimenting that we did, showed that 
above 1%-in. we were losing ground. I do not know just where the low 
limit would be. 


MEMBER: Cupola operators are taking gases from the stack and 
analyzing them. There is no reason why the non-ferrous people should 


re 


not do the same thing. 


CHAIRMAN LAIRD: You are thinking of the efficiency of combustion 
rather than contamination of metal. On the sealed-in type, whether you 
are operating the furnace with an oxidizing, reducing or neutral at- 
mosphere, we would have no contact with the metal. 


Mr. MILLER: Nevertheless, it seemed to me, for efficiency alone, 
you could control your air supply as well as the fuel to be used. To 
those people who are using coke in their crucible, the same thing will 
apply. If you notice, in going over to the oxidizing side, you could 
cut down on the air, or if you want to go to the oxidizing side, add more 
air or have a neutralizing atmosphere. You could burn CO. gas so 
far as efficiency is concerned, 


Mr. EGGLFSTON: In our experiments, we have held the CO. constant 
at 11.6 per cent. 
Mr. MILLER: You are getting the same thing over and over con- 


tinually. 


Mr. EGGLESTON: That which you are speaking of is more a question 


of burners and burner controls. 


J. F. Epnrie®: I was wondering whether it would have been better 
to have the hot exhaust gases pass down directly behind the silicon 
carbide wall rather than between two insulated walls as shown. Obvi- 
ously you are trying to keep the temperature drop from the inside of 
the silicon carbide wall to the outside wall as small as possible. You 
do this by utilizing the exhaust gases to prevent such a temperature drop, 


The point I have in mind is simply this: The thickness of the wall 
of insulation next to the silicon carbide tube is very important, consid- 
ering the temperature and velocity of exhaust gases. Should this insu- 
lating wall be removed entirely, or should it be made twice as thick 
as you show? 

Then, again, instead of using an insulating type brick, perhaps it 
would be better to use one with high thermal capacity. Insulating bricks 
are poor conductors of heat and the effectiveness of the exhaust gases 


conceivably might be a very small matter. 


I believe a series of temperature measurements through the wall 


thickness might answer some of these questions. 


Federated Metals Division, American Smelting & Refining Co., Pittsburgh, Pa. 
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Good Practice in the Medical Control of 
Foundry Workers’ Health 


By Donato E. Cum™Mmines*, DENVER, CoLo. 


1 


1. It is with a great deal of pleasure that I return to a meet- 


ing of the American Foundrymen’s Association. As you probably 
recall, some of us addressing you today participated in discussions 
with representatives of the insurance groups in 1934 and 1935 
regarding rates, and enjoyed an interesting experience in trying to 
devise a system which would be reasonable for both the foundry 


ndustry and the insurance companies. 


) ] 


2. Industrial managements are fully aware of their respon- 
sibility to conserve the efficiency of both machines and men en- 
gaged in industry. Unfortunately, managements have a better 
conception of the means for protecting machines than for guarding 
the health of their workmen. This address will be devoted to a 
brief discussion of a plan for promoting better health among 
workers. The plan is simple—involving only the adoption of a 
suitable industrial medical program. The aims of this medical 
program will include the prevention of specific occupational 
diseases as well as the promotion of improved health. These aims 
ean be accomplished satisfactorily if the program itself has been 


properly organized. 


MANAGEMENT SHOULD Pay For INDUSTRIAL MEDICAL PROGRAM 


3. The entire expense of an industrial medical program 
should be borne by the employer and no part of the cost should be 
assessed against the employee. Many industries maintain medical 
departments designed to care for the ills of employees or their 
dependents under a plan which operates with fixed fees deducted 
from the pay of each workman. This discussion does not relate 

* Director, Division of Industrial Hygiene, Department of Medicine, University 
of Colorado. 


Nore: Presented at a _ session on Safety and Hygiene, 45th Annual A.F.A. 
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to medical service intended to treat illness occurring among indus- 
trial workers, but to a program for the prevention of illness and 
the preservation of health. 


QUALIFICATIONS OF PuysiciIAN Most IMPORTANT 


4. The next step in the establishment of a sound industria! 
medical program requires the selection of a competent physician 
Employers may turn to articles by M. N. Newquist, published by 
the American College of Surgeons, for excellent advice on the 
qualifieations of industrial physicians. Only one consideration 
needs emphasis, namely, that the physician must be thoroughly 
trained for this highly specialized task to deal with it effectively 


5. The industrial physician will inaugurate a comprehensive 
plan of medical control activities and will integrate these proce- 
dures with the engineering control methods which Mr. Allan will 
describe to you later. The techniques of medical control fall within 
three principal categories: (1) Pre-employment physical examina- 
tions of candidates for work, (2) routine physical re-examinations 
of regular employees, and (3) supervision of the health control 
measures employed by the plant. 


EXAMINATION OF APPLICANTS FOR WORK 


6. An industrial medical department should be equipped to 
conduet physical examinations in as thorough a manner as might 
be expected of the best diagnostic clinics in the vicinity. Each 
applicant for work should be examined carefully by this depart- 
ment to determine whether he is able to work and, if so, the type 
of work best suited to his abilities. 


RoutTINE RE-EXAMINATIONS 


7. Steadily employed workers should be re-examined care- 
fully by the medical department at regular intervals to ascertain 
the status of their health so that developing defects or diseases 
may be discovered promptly and corrected or treated before disa- 
bility is incurred 


SUPERVISION OF HEALTH CONTROL 


8. The industrial medical department should supervise pro- 
cedures intended to promote better health among employees in the 
plant. Records of lost time should be investigated immediately to 


discover whether illness is responsible for interrupting the pro- 
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ductive effort of workers. Usually time loss can be minimized or 
its repetition averted if the industrial medical department insists 
that the employees under its supervision obtain a reliable diagnosis 
and sound treatment soon after illness develops. In addition to the 
investigation of sick absenteeism, industrial medical departments 
should be responsible for the detection and medical control of 
occupational diseases occurring among plant employees and, in 
cooperation with the engineering department, for the provision 
and maintenance of working places which are safe, sanitary, well 
illuminated and ventilated, pleasant, and generally healthful 


AN ImporTANT RULE 

9. The successful conduct of an industrial medical depart 
ment requires that the confidential relationship between the phy- 
sician and the workman being examined should be preserved in the 
same manner as it would have been if the employee interviewed 
the physician as a private practitioner. Industrial managements 
should avoid seeking detailed medical information, lest they be 
accused of engaging in the practice of medicine themselves; rather, 
they should place their trust in the recommendations of a respon- 
sible industrial physician. 


AN ILLUSTRATION OF Goop PRACTICE 

10. The importance of this point may be emphasized by an 
example. John Doe reports to the medical department, is thor 
oughly examined, and is discovered to have a syphilitic infection. 
If his disease is not considered hazardous for fellow workmen, he 
is informed that he will be employed, or continued at work, pro- 
viding that he submits himself at once to a recognized private 
physician for appropriate treatment. He is informed that the find- 
ings of the examination will not be disclosed to anyone other than 
the physician selected for his treatments. He also is informed that 
his disease will not influence his employment as long as it consti- 
tutes no threat to fellow employees and as long as he follows the 
recommended course of treatment. He is told that failure to follow 
the suggestions offered will be reported to the management as 
‘*failure to cooperate with the medical department.’’ 


BENEFITS TO THE WORKMAN 
11. Under this plan, the workman benefits from a knowledge 
of his condition and is offered an opportunity to earn a living and 
pay for the medical attention which he needs. Moreover, he may 
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select any physician he prefers from a list of those recognized as 
competent to deal with his disease. If he refuses treatment, he 
must deal with the industrial management as a non-cooperative 
employee but the medical facts are not revealed. 


3ENEFITS TO THE MANAGEMENT 


12. This procedure accomplishes all the purposes industry 
may properly expect of it, if ill and hazardous employees are 
converted to healthy and safe workmen. Industry also may rest 
assured that this type of program will meet no objection from 
labor, the medical profession, or the public health authorities. 


THE EMPLOYEE WITH AN OCCUPATIONAL DISEASE 


13. The only problem which remains to be considered in this 
discussion of good practice in the medical control of foundry work- 
ers’ health is that of the occupational disease contracted in the 
plant under supervision. After an industrial physician has made 
certain of a diagnosis of occupational disease, he should inform 
the affected workman of his findings in the manner best suited 
to the individual situation. At the same time, the physician should 
report the details of the case to the employer, withholding only 
the name of the workman, so that the management will be warned 
of the hazard involved in the operation of the plant and may 
decide, without prejudice, on an appropriate policy for dealing 
with the individual case. 


14. After management has decided on its position and policy 
in the case, the physician is informed so that he, in turn, can dis- 
cuss the situation comprehensively with the workman. The employ 
ee may be advised to change his occupation within the plant or to 
seek work in another industry or to accept some form of compensa- 
tion for the injury which he has incurred. In any event, the facts 
surrounding the case are placed before him in a straight forward 
and sympathetic manner so that he has an opportunity to follow a 
reasonable course of action. 


THE MANAGEMENT ’s POSITION 


15. When the workman with an occupational disease has de- 
cided on a course of action, he will, no doubt, discuss his plans 
with the physician who, in turn, will urge the workman to inter- 
view the management about them, if there is any advantage to be 
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rained by such a procedure. Generally, a mutually satisfactory 
settlement of the case can be agreed upon in this manner, but if 
legal action is instituted, the medical policy of the company will 
be above reproach and the actual medical findings will be in the 
possession of both the plaintiff and the defendant. 


INTEGRITY THE FUNDAMENTAL REQUIREMEN1 


16. This brief discussion may well be concluded with a single 
challenge. If industry desires to reap the harvest of benefits to be 
derived from a splendid medical control program, it needs only to 
approach the problem with integrity. There must be a sincere de- 
sire on the part of management to promote better health among 
employees or the best conceived plan will encounter countless 
obstacles in the path of its progress. Integrity of purpose, linked 
with the careful selection of a capable industrial physician who 
deals with workmen ethically and confidentially, will assure the 


success of a medical plan. 


(For discussion of this paper, sce pp 1093 to 1100) 
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Industry Progress Through Cooperation 


By Roger WILuiAMs*, New York, N. Y. 


1. Your speaker feels at home here with foundrymen because, 
while his present work is in the field of compensation insurance 
and particularly the prevention of occupational accidents, he had 
spent a generation in your industry. One cannot forget his experi- 
ences in industry even if he wanted to. They are too valuable in 
any line of work. It is my hope, therefore, that I can talk to you 
from a sort of combined viewpoint. 


2. To carry out the purpose of this paper, which is to stress 
the fact that there are great benefits possible to any industry 
through having a strong association which you support and in 
whose activities you participate, the speaker will review briefly 
some of the history that Mr. Cummings mentioned. 


3. When the author was in the foundry industry, it so 
happened that the State of New Jersey was the first state in the 
East to decide to levy an insurance rate to take care of possible 
silicosis claims. Some of us in New York who had factories in 
New Jersey, with the assistance of men from the National Foun- 
ders’ Association and the American Foundrymen’s Association, had 
conferences with the Rating Board of New Jersey trying to obtain 
a fair and reasonable rate. 


4. It so happened that the Rating Board had decided, prin- 
eipally because of what Massachusetts had proposed, that they 
would have to vharge $2.00 per hundred dollars of payroll to set 
up a reserve for possible claims. A reduced rate finally was 
adopted, with considerable benefit to the foundrymen. Then shortly 
after, in 1935, through the broadening of the Workmen’s Compen- 
sation Law in New York State, a much more strenuous negotiation 
was carried out with that Rating Board, at public hearings, and 





* Assistant Director, Inspection & Safety Service Dept., State Insurance Fund of 
New York. 

Nore: Presented at a session on Safety and Hygiene, 45th Annual A.F.A 
Convention, New York, N. Y., May 12, 1941. 


1080 





ROGER WILLIAMS 1081 


ater on with the National Council, which is a rate-making body 
for all states of the country. 


dD. In New York State, it was proposed to charge $8.00 per 


hundred dollars of payroll to build up a reserve to meet the 
expected claims. After the negotiations. we secured a rate of about 
$4.00 per hundred, or an optional plan whereby the employer paid 
a little over $2.00 per hundred but put up a per capita deposit 


rv every foundry emplovee. 


6. When the law was amended later in 1936, limiting the 
maximum benefits for disability from silicosis, a rate of 98 cents 
finally was established. But in the meantime, foundrymen had 
been paying either the $4.00 or the $2.00 rate with the per capita 
deposit, and a considerable amount of money had been paid in to 
take care of any expected losses. 


i. The original limitation of $3000 for silicosis disability has 
been raised so that it is now $5000, and the rate for occupational 
disease coverage will undoubtedly continue to rise slightly to meet 
the law benefits which increase $50 monthly until a maximum of 
$5000 has been reached. Judging from the trend of labor interest 
n legislation, in this state particularly, your speaker believes that 
we can all expect that ultimately there will be no limit on silicosis 
benefits and that a man will be entitled to the same maximum 
benefit that he would receive for disability from any other cause 
covered by the law. 


8. As a result of that experience which was of personal 
nterest to me, being in the foundry industry at that time, the 
author feels that the industry was very fortunate that it did have 
associations such as A.F.A. that was strong and had the knowledge 


and experience to get justice for the industry. 


Group INSURANCE 

9. The imposition of those charges was a serious menace to 
the industry, particularly in New York State, and there was serious 
question as to whether some foundries would be able to operate. 
They felt that they could not operate in competition with other 
states. 

10. Then there was a final menace, the fact that because of 
this situation, foundries were looked upon by the insurance com- 
panies generally as poor risks. No one wanted them, no one wanted 
to take the liability, and the foundrymen had to seurry to cover— 
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[ say that advisedly—with the State Insurance Fund which was 
set up for that purpose years ago when the law was first passed 

11. But the foundrymen have enjoyed considerable benefit 
as a result of that necessary action because they were placed into 
three special groups, under arrangements possible with the State 
Fund whereby they operate like small individual insurance com- 
panies. The plan is: their own payments, their own losses, their 
own expense items, are calculated separately. In addition to receiv- 
ing an advance discount because of membership in this group 
they enjoyed dividends, depending upon each year’s experience 
and the accumulated experience, rather than to have to wait a 
period orf years to have those benefits worked out through the 


normal processes of the experience rating plan 


12. It might be of some interest to you to realize that, in 
addition to the advance discount for each of 4 years, beginning 
with the policy year ending September, 1936, those groups of 
foundrymen in New York State, have received dividends of some 
thing over half a million dollars. They received the immediate 


return for the previous year’s experience. 


13. In addition to those immediate returns, the industry has 
lowered its manual rate. By manual is meant, covering the losses 
expected from all general experiences under the Workmen’s Com- 


pensation Law, excluding silicosis 


PossIBLE FuTURE DANGER 


14. However, your speaker wants to point out what seems 
to him to be a serious danger in the immediate future. That is the 
fact that the rate of reduction of the manual rate has slowed up 
very substantially. Then too, that reservoir created by the first 
vear of high occupational disease payments, has been seriously 
depleted by those dividends paid in the 4 years. This should mean 
that the foundry industry in New York State will not continue 
to enjoy that rate of return on its insurance premiums unless it 
improves its manual experience, and for that reason, your speaker 
would like to discuss that phase a little more in detail. 


15. Furthermore, with reference to the remaining reservoir 
for occupational disease claims, none of you can blame insurance 
companies for wanting to hold as much of that reservoir as they 
ean against the probability of increased claims when the benefits 


under the law get to a more attractive level and when we go 
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through a probable period of unemployment after the present step 
ip in activity. We cannot blame them, as good businessmen, for 
waiting, because the experience has been too short, and no one 
in be certain what the demand on that fund may be in future 


ars 


16. So far as the manual experience is concerned, it is not 
ibable that we can look for any immediate improvement unless 
indry management decides that they must accomplish it 


DEFENSE PROGRAM PRESENTS HAZARDS 


17. We have on our hands right now this National Defense 
Program, which brings many additional hazards resulting in man- 
ial injuries. We have a higher labor turnover. We have, unfor- 
tunately, a serious shortage of supervision in industry. Industry 
has not been able to pay the taxes to the government, whereby it 
eould maintain the Reserve Officers’ l'raining Corps, the Officers’ 
Reserve Corps, the National Guard, and all those agencies which 
give them a nucleus for the expansion of the Army in a time like 
this, and maintain a similar nucleus of trained supervisors. We 
are entering now into a period when new men are employed, and 
we need not only the best supervision, but more of it} and we do 
not have it 

18. So we are undoubtedly going to have a higher frequency 
of accidents. We are going to have it, too, from the production 
pressure and the distraction causes. There is not a man in our 
employ who is not going to be distracted mentally by some prob- 
em growing out of our preparedness program 


, 


Ontario and New York Experiences 

19. We know that the Province of Ontario had an increase 
in its accidents last year, the first full year of the war effort, of 
over 30 per cent. Their present rate of increase is 40 per cent over 
even last year. 

20. In New York State, our reported accidents are increasing 
monthly in 1941 at the rate of 6 per cent, 11 per cent, 15 per cent 
and 18 per cent for April. At the same time, payrolls are going 
up 24, 29, and 33 per cent; and employment is rising at the rate 
of 14, 17 and 20 per cent over last year. 


The Industry as a Whole 


21. The foundry industry is a very old and honored one, 


but we all should admit that it is a particularly hazardous industry 
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hazardous from the viewpoint of anybody’s records. The na- 
tional records show that it has a frequency of 18 lost-time accidents 
for each million man-hours worked, and the foundry industry rates 
twenty-fifth out of 30 industries for which such records are com 
puted. This is mentioned because those reporting to the National 
Safety Council are undoubtedly the larger, leading companies of 
the industry throughout the country. 


22. We know, from our own experience in my organization 
that the foundry industry, in a contest we had last year and which 
s continuing, was running a frequency of 25 accidents per millio 
man-hours worked which is not as good as the national experience, 
but it is an average experience in New York State. The foundry 
industry cannot afford a continuation of that rate of accidents 


23. When we appreciate the immediate dollar benefit that is 
available, it is difficult to see how any employer can shut his eyes 
to the advantage. Based upon this reduction of manual rates and 
realizing that the foundry industry in New York State alone 
represents a payroll of more than $15,000,000 a year, a reduction 
of one dollar in the rate or $150,000 a year for the entire industry 
would buy a lot of pig iron or sand or a lot of molding machines, 
sand blasting equipment or ventilating equipment. When we 
appreciate the problems of industry in this matter of cash on hand 
as part of its working capital to meet taxes and to meet insurance 
premiums that are paid in advance, no industry can afford to shut 
its eyes to the possible saving of a dollar from day to day. It can 


be accomplished because industry has done it in other periods. 


THREE MAsor TypsEs or ACCIDENTS 


24. To review briefly our picture of the accident situation in 
New York State, believing that it is rather representative of the 
industry throughout the country, we find three types of accidents 
as we classify them, predominating. In classifying accidents, you 
ean get anywhere from 7 to 70 classifications if you want to, but 
my own personal preference is for a grouping so that essential 
information stands out. 


Handling Material 


25. Out of any possible accident classification, there are these 
three types: (1) Those injuries occurring in the normal process 
of handling material, or (2) those caused by falling objects, 01 
(3) those as a result of the normal process of handling tools, which 
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pat 


represent over 80 per cent of the total. If we could concentrate 
on one of those three only, we would make an improvement in al! 
ther classifications. Your speaker’s suggestion is that we think 

it in terms of the outstanding need and deal with these three 
situations of handling material, fall of objects and handling tools. 


26. In handling material, the majority of the costly accidents 
occur in lifting, resulting in hernias. Any of you who are familiar 
with the compensation law, know that it is not difficult for a man 
to get a hernia under any circumstances and relate it to his em 


ployment; and they are costly. 


Falling Objects 
27. In the falling of objects, it is the problem of castings 


af 


dropping while being transported by crane or other device. 


Handling Tools 

28. In handling the tools that a man has to use normally, it 
is a matter of getting his hands caught in the molding machine, 
or tools are slipping and he is scraping his knuckles. Unfortunately 
and you might not believe it for this day and age, men are not 
getting immediate and competent medical treatment for their in 
juries, so that some of these supposedly minor injuries to the hand 


are resulting in amputations. 


29. The people being injured, fairly well represent your 
payroll cross section; in other words, the molders, core-makers, 


cupola men and machine operators have a majority of them 


Types OF INJURIES 

30. <As to the type of injury, eye, hand and foot injuries 
represent the bulk. Your speaker would like especially to em 
phasize the fact that the molders, core-makers and cupola men 
have a higher proportion of the serious accidents than they do of 
the total accidents; that a higher proportion of the ‘‘handling 
objects’’ type of accidents are lost time than of the total; and a 
higher proportion of the foot injuries result in serious losses as 


‘ompared with the total, principally due to fractures 


Old Employees As Well As New Affected 

31. We also find that these accidents do not occur to only 
the new men. We find them occurring to men who have spent any- 
where from 3 to 35 years in the foundry industry. We find entirely 


too many foremen and superintendents being injured, men who 
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are expected to set an example and supervise other men. We find 
a large number of repeaters, men who have repeated injuries that 
seem to mean nothing to the supervisor or to the management 
No attempt is made to check up and find whether the man has 
faulty vision or whether he simply does not have the aptitude for 
the type of work he is doing, or similar causes that can be cor- 


} 1 


rected readily 


HuMAN vs. MECHANICAL HAZARDS 


32. It will be noted, from the examples mentioned, that they 
are not mechanical hazards. Mechanical hazards seem to be quite 
well taken care of by the production engineering that goes with 
the use of machines. The difficulty is in the human engineering, 
and by human engineering is meant management, supervisors and 
individual workmen. That aspect of the situation has been, and 


still is being, neglected. 


PRACTICAL SAFETY PROGRAM 
33. Your speaker does not need to sell this audience on the 
advantages of a practical safety program. You all know the 
benefits from the standpoint of production efficiency, industrial 
relations and the conservation of life, limb, material and wages. 
But he does want to point out that too many of you have forgotten 
how much you had to learn and you are forgetting to pass it on 


to other men. 


Too Much Taken for Granted 

34. To illustrate this point, your speaker was talking about 
this to a superintendent recently. He said that he agreed ab- 
solutely, although he had not thought of it in that way and cited 
a personal experience. It seems that he went down into a tunnel 
which was being blasted just about the time they were getting 
ready to ‘‘shoot trim’’ and nobody stopped him. The ‘‘shot’’ went 
off but fortunately he was not near enough to be hurt. However, he 
was angry. He went to the sub-foreman and asked him what he 
meant by going ahead with the work of that kind without guards 
to keep people from entering the tunnel. The sub-foreman said 


that he had stationed a guard at the tunnel entrance who should 
have stopped the superintendent. They found the colored man 
who had been stationed to stop anybody entering the tunnel and 
asked him why he was not at his post and why he had allowed the 
superintendent to enter. The man said, ‘‘Mr. Blank is the super- 
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ntendent. I thought he knew better.’’ Mr. Blank did not know 


hev were getting ready to ‘*shoot’’ just then. 


+53 We take entirely too much for granted, assuming that 
other fellow must know everything that is in our mind, and 


forget to tell him 


EXECUTIVE LEADERSHIP 


6. The essentials about which your speaker wants to remind 
u are, of course, executive leadership. By executive leadership, 
means leadership which is being demonstrated day after day 


many people but not being carried out by many others. 


17. We cannot expect safety work with a lack of executive 
eadership. Furthermore, there are too many employers who think 
hat safety work is simply a matter of getting a record of the ac- 
dents, filling out the stated forms, and sending them in. If that 
done, they think that safety work is all being looked after. I1 
invbody gets killed, they will check up perhaps as to why he was 


urt in the first place. We cannot expect results from that type 


leadership. Unfortunately, it is characteristic of a large part 


kinds of industry 


INSPECTION 


38. We need to pay more attention to the frequency and 
horoughness ot inspections Frequent and thorough inspections 
vere ‘‘thrown out the window’’ when the schedule was eliminated 
from the foundry classification of New York State, and real in 


nections are not being made 


9 Webster defines inspection as a eritical examination, and 
at an inspector is an of ficial examiner and a supervisor. If we 
ive that thought toward inspection, as we go around the plants 

making insvections, we will uneover the things that inspections are 
supposed to uncover, and if there are many there to be uncovered, 


ve know that our safety program, as such, is non-productive. 


10. One of our great troubles with inspections, even when 
well intentioned, is that things become too familiar to us. In one 
of the foundries of a company, the housekeeping was terrible. The 
superintendent could not be impressed with the conditions. He 
was tired and run down. Finally, he was sent away for a little 
vacation. Fortunately, he took a boat trip. You all know how 
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spic and span and clean things are on a boat. He was not back 
two days before that plant was clean. He could not stand the poor 
housekeeping himself when he got back and it hit him betwee: 
the eyes as it had struck other people. But he could not see it 
at the time. Your speaker believes that is one of our difficulties in 
getting the thoroughness of inspection that we need. 


ACCIDENT INVESTIGATION 


41. Accident investigation is one of the best criteria of con- 
ditions, operations, and the effectiveness of any safety program. 
Through this investigation—and it should be immediate and 
thorough—we will find out why this accident occurred; we will 
find out what needs to be done to prevent a repetition of it, and 


in that way we will tighten up on all phases of the necessary work 


RECOMMENDATIONS SHOULD FOLLOW INVESTIGATIONS 


42. Following the accident investigation, following the in- 
spections, there not only should be recommendations but we should 
follow up to make sure that they are completed as quickly as 
possible. That is where management goes to bat again because 
your speaker cannot think of a more disappointing experience for 
a safety committee, an inspector or a safety supervisor than to 
make recommendations and not have them earried out becauss 
management is not interested. So we must have executive backing 


throughout to make these various steps effective. 


SAFETY EDUCATION 


43. Safety education will be mentioned because we need num 
bers in controlling accidents We have to educate people to do 


their own individual part. Your speaker will not touch on the 
many details of that problem, but he does want to emphasize the 
matter of discipline—the enforcement of safe practices. You go 
into a shop, see fair conditions, and ask whether there are shop 
rules of safe practice. You will be shown the bulletin board that 
has two pages of rules on it, but they have been on there so long 
that they are yellow and nobody can read them. What impression 
that must make on a new man your speaker will leave to your own 
imagination, because it is indicative of the understanding of the 


purpose of those rules. 
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14. Of course, there are many plants that do not go even 


_ 


that far. Your speaker would rather have faded rules posted than 


none, but they must be basic rules of practice which everyone 


knows and understands. And they must be enforced. For that 
reason, your speaker would rather have a minimum number of 
rules which will be enforced. 


DISCIPLINE AND ENFORCEMENT 


$5. Discipline and enforcement are problems that rest almost 
entirely with your supervisors. It is difficult for an individual 
supervisor to be tough with somebody with whom he bowls or plays 
cards or has good times generally. 


46. Your speaker wants to leave this thought with you—if 
for no other reason, the humanitarian phase is worth the effort 
to get discipline. Coming up on a bus a little while ago, your 
speaker noticed, unconsciously, a nice-looking young fellow get up 
and give his seat to an elderly lady. Then, a little later on, there 
was a peculiar noise which had not been heard before on the bus. 
It was a kind of sniffling. Finally, your speaker located it in this 
young fellow who was then standing, holding on with his left hand 
to one of the straps, but he was in such a position I could see that 
his right sleeye was in a sling and his hand was gone. The stump 
was still baudaged. He was erying. He had on glasses, and holding 
on this way, he could not very well wipe his face off. He was 
trying to hold it in, but the tears were streaming down his cheeks 
and dropping off on his chest. 


47. When you see a man in those circumstances, you feel 
sorry for him and try to help, but most of the time you do more 
harm than good if you show any interest, so I just sat there 
wondering why he was crying. Your speaker does not know 
whether he was right or not, but he just assumed that the young 
man probably had come from the doctor where he had had that 
stump dressed again, and he was beginning to get the full shock 
effect of wondering how he was going to get along the rest of 
his life without a right hand. 


48. Next to being in his position, your speaker believes he 
would hate more than anything else to be in the position of an em- 
ployer or, in particular, a supervisor and know that that problem 
was One with which he could have been helpful and prevented 
originally, 
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FOUNDRY LEADERSHIP IN ENGINEERING CODES 


19. Your speaker is very proud of the foundry industry. H. 
is proud of the active leadership it has taken through its enginee: 
ing committee in the formulation of codes that are good for th 
industry. This committee will go to bat for the foundry in any 
situation that arises rather than waiting and letting others do it 
for them. They will go to bat for the industry in connection with 
codes that have the effect of law when they are passed, such as 
we are now facing in New York State through the Foundry Code 
But it should be pointed out to you that their effect is limited 
their interest is very limited, and the ability to get the type ot 
men on those committees is very limited, depending upon the 
support that the industry itself gives to this Association. 


50. Your speaker wants to compliment you on what you have 
done up to now and to urge that, no matter how much taxes or 
other things take out of business, do not let your industry fall 
apart through the lack of having a strong association. 


51. Finally, with reference to this manual accident experi 
ence, there can never be a let-up in it. We need to tighten up 
now, and we need to hold it that way. 


CONCLUSION 


52. Your speaker wants to have reason to continue to be 


proud of the foundry industry because of the years he was asso- 
ciated with it, but more especially because this country needs a 
good, strong foundry industry. We have it now in connection with 
this defense program. 


53. If your speaker can help in any way, in any capacity, he 
certainly will be glad to do it, not only for individual foundries 
but for industry as a whole, because we do need a strong, virile 
industry. 


(For discussion of this report, see pp. 1093 to 1100) 





Report of A.F.A. Industrial Hygiene 
Codes Committee 


By JAMEs R. ALLAN*, Cuicaco, ILL 


The Industrial Hygiene Codes Committee of the American 
Foundrymen’s Association has been active for a long period of 
time now, principally cooperating with several of the states in the 
promulgation of foundry codes for the elimination of accidents and 
occupational disease. 


With reference to the New York situation, several members 
of the American Foundrymen’s Association participated in the 


proposed revision of the New York Department of Labor Industrial 
Code, Bulletin No. 10, relating to Equipment, Maintenance and 
Sanitation of Foundries, and the Control of Dust, Gases and 
Fimes in Foundries. This proposed code went to public hearing 


in June 1940. 


Due to the fact that after the committee had agreed on all the 
code material, certain changes were made in the text upon which 
the ecommittee’s advice was not sought, the foundrymen of New 
York State voiced strenuous objections at the various public hear- 
ings that were held throughout the state on the proposed code. 


We have been assured by various officials concerned with the 
proposed New York Code that the objectionable matter will be 
changed. 


It is extremely unfortunate that the New York Code carries 
some references to dust counts. However, the idea originated in 
other industries than the foundry industry, with the result that 
the foundrymen had little choice in the matter. We feel that there 
are still fair possibilities of having any references to dust counts 
in New York State’s new foundry code deleted, and are continuing 
to work toward that end. 


* Assistant Manager, Industrial Engineering & Construction Dept., International 
Harvester Co., Chicago, and Chairman, A.F.A. Industrial Hygiene Codes Committee. 

Nore: Presented at a session on Safety and Hygiene, 45th Annual A.F.A 
Convention, New York, N. Y., May 12, 1941. 
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You are now informed that the State of Lllinois has a moder: 
foundry code effective May 1, 1941. This is the first state in this 
country to adopt a modern foundry code designed to eliminate 
accidents and prevent occupational disease exposure. 


Your speaker had been requested by the chairman of the Em 
ployers’ Committee, which is a part of the Advisory Committee 
appointed by the Illinois Industrial Commission, to organize a com- 
mittee and develop a foundry code for the State of Illinois. Our 
first sub-committee meeting was held August 23, 1940. The sub 
committee was composed of the following members of the American 


Foundrymen’s Association 


Harold W. Johnson, Northwestern Foundry Co 

EK. O. Jones, American Foundrymen’s Association 

M. J. Gregory, Caterpillar Tractor Co 

H. M. St. John, Crane Co. 

J. W. Hurley, Griffin Wheel Co. 

F. Elam, American Steel Foundry Co. 

©. F. Larsson, American Air Filter Co 

(, P. Guion, W. W. Sly Mfg. Co 

and your speaker as chairman. Incidentally, quite a few ot 
this list are members of the A.F.A. Industrial Hygiene Codes 
Committee. The code was rapidly completed and, by the first of 
December, we were in complete agreement with Labor in the State 
of Illinois and were ready for a hearing before the Industrial 
Commission. Public hearings were held by the Commission on 
January 21, 1941, without any eriticism of the code material 
being submitted. The code was duly approved to become effective 


May 1, 1941 


This rather voluminous code was developed, accepted and ap 
proved in what is probably considered record time. The only way 
in whieh service, such as described in the foregoing statements, 
ean be rendered to the various state regulatory bodies is by having 
a well-informed committee and having material prepared well in 
advance. Your committee has been busy for a number of years 


now, developing recommended safe practice codes. Five have al- 
ready been developed and published. More are contemplated and 
under way 


We also wish to report that our Association has submitted its 
Recommended Good Practice Code on Grinding, Polishing and 
Buffing Equipment Sanitation to the American Standards Asso 
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ciation tor its approval as an American standard. That code has 
already been submitted to members of the A.S.A. Z-9 Committee 
for its approval or disapproval. If that code is accepted by the 
American Standards Association, undoubtedly some additional 


efforts along these lines will be contemplated in the future on 
some of our other code material. 





DISCUSSION 


Presiding: E. H. BALLARD, General Foundry & Pattern Shop Supt., 
General Electric Co., West Lynn, Mass. 


CHAIRMAN BALLARD: We are very fortunate in having three out- 
standing men to address us on subjects which we feel are vital, not 
only to those of us present, but to many who are not, but should be here. 
It is with a great deal of pleasure that I present as our first speaker 
D. E. Cummings, Director, Division of Industrial Hygiene, Department 
of Medicine, University of Colorado, Denver, who will address us on 
“Good Practice for Medical Control of Foundry Workers’ Health.” 
(See pp. 1075 to 1079.) 


CHAIRMAN BALLARD: Our next speaker is one well known to many 
of us, Roger Williams, Assistant Director, Inspection and Safety Service 
Dept., State Insurance Fund of New York, who will speak to us on 
“Industry Progress Through Cooperation.” (See pp. 1080 to 1090.) 


CHAIRMAN BaLLARD: I think we must all agree that through ou 
two previous speakers we have covered the medical and the cooperative 
end of the situation. As a matter of fact, they are interwoven more 
closely than the titles would indicate. 


The next speaker is James R. Allan who is Assistant Manager, 
Industrial Engineering and Construction Dept., International Harvester 
Co., Chicago. Mr. Allan is also chairman of the A.F.A. Industrial 
Hygiene Codes Committee to which I should add, father and prime 
mover of many codes which the foundry industry has not oniy helped to 
put through but has been proud of the fact that it has taken the 
leadership in these codes. Mr. Allan will present a report of the In- 
dustrial Hygiene Codes Committee. (See pp. 1091 to 1093.) 


Mr. ALLAN: As I see there are quite a number of equipment 
vendors in the audience, it might be well to call attention to some of 
the provisions of the Illinois Code which you will have to comply with 
when you sell equipment from now on in the State of Illinois. 


First of all, we have a peculiarity in the legislative acts of the 
State of Illinois in that we cannot write a foundry code. We can write 
a code around operations found in the foundry, and if those operations 
are found in the machine shop or cotton mill, the code applies there 
as well as in the foundry. 
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Vendors particularly are reminded of a drastic rule in the [llinoi 


Code pertaining to cranes and mechanical hoists. Most of you hav 
been supplying hoists with an upper limit, overrunning control. Th« 
new code, which has the force and effect of law, provides for a lower 
limit switch to prevent overrunning in the lowered position. I know 
that in some cases the equipment vendor has not designed his equip- 


ment to do that, and it will take some little redesigning before that 
equipment can again be sold in Illinois. You should look into it, get 
a copy of the code as soon as it is printed. 


There is much in the new code having to do with the operation of 
cupolas, open hearth furnaces, air furnaces, and electric furnaces 
There is nothing very drastic, but you should become familiar with it 
No more tubular hand shank ladles will be allowed. They have to b 
solid material. That will bother some of you on small equipment. 


There is a new rule on design of trunions, used in connection wit! 
buckets and ladles. All mechanically handled molten iron ladles hav 
to be provided with safety locks, either automatic or hand operated 


Provision is required for realigning cranes on crane tracks. That 
1 

means substantial bumpers not anchored into the rail but into th 

support. 


Those of you who make mold conveyor systems should becom: 
familiar with the design of the pallet that is required. There is a com 
plete elevator code in this foundry code in Illinois. Those of you who 
design sand handling systems should be particularly interested in saf« 
guarding the storage bins so that people cannot enter them. It is not 
only necessary that grating be provided, but that the grating is locked 
in place so that it cannot be removed by unauthorized employees. 


There is a complete electrical code in the foundry code in the State 
of Illinois, so you should get familiar with the National Electrical Cod 
which applies in all future installations in Illinois. 


All pressure tanks—and there are a number of them around the 
foundry, either used for compressed air or testing purposes—come unde! 
the A.S.M.E. Unfired Pressure Vessel Code in future, and your boilers 
come under the A.S.M.E. Boiler Code. 


All tumbling barrels, abrasive cleaning equipment, mechanized sand 
handling systems, any mechanized unit creating dust, must be hooded 
and exhausted. 


CHAIRMAN BALLARD: It is quite evident from the remarks and 
report by Mr. Allan that not only the foundrymen themselves but the 
suppliers of equipment to the foundry have additional responsibilities to 
execute. 


MEMBER: Mr. Allan, to whom should we address a request for th 


Illinois code? 
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Mr. ALLAN: Address your request for copies of the foundry code 


to the Chief of the factory Inspection Department, Illinois Department 
of Labor, 205 W. Wacker Drive, Chicago, IIl. 


ELIOT ARMSTRONG!: I have worked with Mr. Allan and Mr. 
Williams for a great many years on this subject in New York State. 
I would just like to leave one thought, and that is that in our New 
York code, as now written, it is compulsory for the men to wear the 
safety devices that we have provided. That is one of the very difficult 
things that we have been confronted with for many years. The em- 
ployees are provided with everything that they need to protect them- 
selves from burns, foot injuries, hand injuries and eye injuries. But 
until we have teeth in that law that will enable us to get the benefits 
out of the things that we provide, we are not going to make a tremendous 
amount of progress in cutting down these accidents. 


CHAIRMAN BALLARD: I cannot give the answer to that point but 
I can say that in the departments in which I am personally interested, 
for a period of many years, every new employee that enters voluntarily 
signs a slip on which is written that he will wear and use all safety 
devices that we provide and that he will report all accidents, even trivial 
ones to his superior, and that he will also do what he can to prevent 
accidents to his fellow employees. That has been in force for many, 
many years. It is not a law, but it has worked with us and done a 
tremendous amount of good. 


MEMBER: Mr. Allan, is the Illinois code for the ventilation of 
tumblers based on the static suction or elastic? 


Mr. ALLAN: In the tumbling mill code, for both the internally 
ventilated and the duct ventilated, the first requirement is a certain size 
diameter branch pipe based on the size diameter of mill and length of 
mill and a given volume of air per minute, which is based primarily 
on 5,000 foot velocity in the branch pipes. 


MEMBER: Mr. Armstrong mentioned the fact that the law in New 
York required a compulsory use of these safety devices provided, but 
what penalty is inflicted on the individual who neglects to use these 
devices? 


Mr. WILLIAMS: I can answer that. There is no specific penalty 
provided in the code, but the Labor Law itself authorized a Department 
of Labor inspector to tag a man just as readily as to tag a machine 
that is hazardous. 


I think it is going to create some problems, particularly in union 
shops, to iron out those situations. It will probably in the beginning be 
a matter of management essentially. 


There is some of this safety equipment, of course, that the em- 
ployer does not provide, such as safety shoes and other articles that have 
to be specifically fitted to an individual. 


1 Executive Secretary, Inter-Allied Foundries of New York State, Buffalo, N. Y. 
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MEMBER: The Ohio law provides that the manufacturer can li 
penalized, upon investigation, from 15 to 50 per cent increased benefits 
n the award, but there is nothing to take away the benefits that th 
ndividual will get who does not comply with the requirements. 


Mr. WILLIAMS: I think the intention is to deny a man employment 


MEMBER Has the New York code, as drawn last summer and 
printed, been adopted by the legislature or is it still in the pending form? 


Mr. WILLIAMS: The New York foundry code is still in the hands 
the Board of Standards, and they have not yet been able to iron out 


the objections that were raised by the industry. There is doubt 
as to whether that code will be adopted this year. The most recent code 
that applies to grinding and polishing in the stone industry has just been 
adopted and its effective date is September 1, so that even if the foundry 
code were brought out this year, it would not be in effect this year. 


In that connection, I can say that that is another good illustration 
to me of the effectiveness of an industrial association. In connection 
with the foundry code, there was more representation directly from the 
industry at the public hearings held throughout the state than has bee 
the experience with other codes. It had a very important influence. 


MEMBER: Mr. Allan, does the new law of Illinois governing inspec 
tion of equipment such as tumbling mills provide that the inspection be 
made with pitot ti bes? 


Mr. ALLAN: We have pretty well established that policy in the 
original grinding, polishing and buffing code, which was one of the first 
industrial codes developed in Illinois, and that called for the use of the 
pitot tube, so that our field inspectors now are fairly familiar with it 
You cannot expect too much out of $135 a month inspectors, however 


MEMBER: Are the inspectors technically trained men? 


Mr. ALLAN: Unfortunately, they are not. The Director of Labor 
has been trying to get his department under civil service, but in the 
main they have been made up largely of political appointees. However, 
we have some very good civil service engineers in the head office in the 
Illinois Department of Labor who can give you rather good help. 

MEMBER: I would like to refer to an epidemic of foot accidents that 
we have had. Our men use safety shoes, and we have been considering 
the advisability of using an aluminum shield over the instep and over 
the toe because so many of these fractures occur back of the toe, back 
of the safety toe. I am wondering if any member here has had any 
experience with these aluminum shields. 


MEMBER: I have had some experience along that line. I have about 
seven or eight men who use them entirely throughout the day around 
the sand blast and work like that, and we have had very good results. 
Even in the charging house, they use them. It is a shield that goes 
clear up above the instep, and is strapped on. It is a little heavy, a littl 
awkward to wear, but very safe and very cheap. 
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Mr. WILLIAMS: Chairman Ballard’s remarks reminded me of som 
thing I would like to say. He said that some of the safety devices were 
uncomfortable. That is one of the serious difficulties in connection with 
the enforced use of safety equipment. Goggles are not comfortable, 
respirators are not comfortable and safety shoes too often are not com- 
fortable. The management, of course, can minimize that situation by 
getting proper equipment in the first place for the man, and the equip 
ment people can be very helpful in that respect. 


An important thing is to give the man some choice. Once he says 
that this pair of goggles of an approved type is the one he would rather 
use, he is going to get accustomed to it a lot more quickly than if he 
is handed a pair of goggles or a type of respirator. 


In talking with men about whether or not their safety equipment 
is comfortable, I cannot help but wonder if it is easy to use or not. 
When you have to adjust yourself to bifocal glasses, you will find they 
are a nuisance. Furthermore, when you have to have some false teeth, 
you will find that is even worse. But it pays to be patient and if you want 
to be able to read and to eat, so you have put up with these discomfcrts. 


A. C. DENISON?: Speaking of goggle glasses, I had a little ex- 
perience that might be interesting. We never could get our men to wear 
glasses in the foundry. They said they steamed up and the perspiration 
ran down them, and so on. I had four or five companies try to solve 
the problem, but the men would not wear them. So I asked several 
of the men what they thought about it. We finally figured that if we 
could get the glasses to set out a little further so the perspiration 
wouldn’t gather, they would probably be better. I could not buy goggles 
or spectacles that way, so I went to the trouble to have one of these 
optical companies make some special spectacles for me. The men like 
them now and they do not want to work without them. 


I spoke to these optical people who are supplying the spectacles as 
to why they do not make them this way; they said their engineers have 
them designed differently. I asked them whether this would not interest 
them. They said that they were not interested. “If you want them made 
that way, you can have them made, and we will stock them for you.” 
They seem to know more what the men ought to have than the men do 
themselves. I think some of them had better wake up. 


Anyhow, they have about one hundred of them or so stocked for us, 
and they are going to maintain a stock for us so we can always get our 
kind of spectacles, but I think that there is a little unprogressiveness 
somewhere along the line. 


CHAIRMAN BALLARD: We have found standard goggles that have 
cross ventilation back of the lens very satisfactory, particularly with 
men who perspire freely with the use of the sweatband. We are fitting 
goggles to men rather than men to goggles, and our experience has been 
very favorable. 


? President, Fulton Foundry & Machine Co., Cleveland, O. 
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The same thing applies to shoes. Some shoes are uncomfortable 
some men, but by paying a little attention to them they can be adjusted 
In our case, our safety inspector sells all the shoes, and he has the 
biggest percentage of our men provided with safety shoes. When he 
finds a man who is uncomfortable and works a blister, there are pads 
that can be put into his shoes. When a man has had trouble, by properly 
padding the inside we remove the difficuity, and we do not have ver: 
much trouble. You have to fit the article to the man. 


Mr. DENISON: Our men absolutely want the goggles. There is no 
rouble in getting our men to wear them since we have these made to 


ur own idea 


CYRIL AINSWORTH®: I am a visitor to the American Foundrymen’s 
Association, but I am very glad to have been here and to have listened 
to the discussion. It seems to me, though, that you made a mistake in 
putting the title on Roger Williams’ paper that you did. I think it be 
longs to the entire program instead of just being a Roger Williams 
paper. Everything we have been discussing today is industry’s progress 


through cooperation, and every phase of the discussion brings about the 
necessity for cooperation between individuals, between groups, if we are 
going to make real progress in carrying on this accident prevention work. 


Mr. Allan has mentioned that your industry has submitted to the 
American Standards Association a code on grinding, buffing and polish- 
ing for approval as an American standard. We are very hopeful that 
that will be accomplished. 


In turn, we have been of value to the American Foundrymen’s Asso- 
ciation and to the State of Illinois and other states, having available 
for their use codes which have been found acceptable, as evidenced by 
the National Electrical Code being written into the new code in Illinois. 


That sort of progress is going on all the time, not only between the 
A.S.A. and other industrial groups, but between individual industrial 
groups for their mutual advantage, and if we can only all learn to really 
cooperate one with the other in all phases of our work, I am sure that 
we will progress very much more rapidly in the future than we have 
in the past. 


This question of forcing an employee to use his safety devices is 
again one of cooperation rather than actual punishment for failure. 
I speak of that because of my past experience with a law-enforcing body. 
We had the same sort of requirement written into all of the codes put 
into effect by the particular jurisdiction with which I was affiliated. | 
only remember one case where an actual prosecution took place on an 
employee. 


A box was being raised up from a quarry pit carrying half a dozen 
men at the end of a shift. The crane operator thought he would have a 


3 Assistant Secretary, American Standards Association, New York City. 
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ittle fun, and when he got the men to the top of the pit, suddenly he 
let it go for 5 or 6 ft. to scare them to death. Then he raised it some 
more and dropped them again. The third time he did it, they all dropped 
clear to the bottom. There was one fatality and a number of very serious 
injuries. 


Well, the enforcement authority could not let that go. They got in 
touch with the coroner and made a deal with him that they would scare 
that employee so that not only would he never do such a thing as that 
again but they would teach such a lesson to everybody else that they 
would avoid that type of horse play in the future. The coroner found 
him guilty of manslaughter, but the case was arranged through the 
courts so that the punishment never actually took place. But it had a 
marvelous effect in that particular district. 


That is extreme. That is not cooperation. That is straight out-and- 
out punishment. 


The opposite of that is that same governmental jurisdiction in 
hundreds of cases wrote letters to individual employees calling their 
attention to the fact that they had violated a provision of a rule or 
regulation which had the effect of law, asking their cooperation in the 
future not only to avoid injury to themselves but injury to fellow-work- 
men in their own establishment. That proved probably far more effective 
than the coroner’s help in tackling individual employees. 


A government enforcing authority has to use just such means as 
that with employees if they are going to get real, honest-to-goodness 
cooperation, rather than using the big stick. 


I think your program on discussing the question of cooperation not 
only in safety work but in all phases of industrial activity today has 
been very fine. 


CHAIRMAN BALLARD: Thank you, Mr. Ainsworth. I am reminded, 
though, that this word “cooperation” is very often misused. I have found 
that it really is a two-way road which often is diverted off into a detour. 


I would like to present one or two notes that sum up my interpreta- 
tion of some of the high points of the meeting. 


This confidence between employees and management by honest and 
fair dealing in reference to employee examination is extremely vital, as 
Mr. Cummings has brought out. 


I also can see that industry must do those things that will result in 
securing honest and fair rates by the elimination of all the hazards, a 
keener attempt at proper instruction of new employees. 


In our own case, from the accidents that we have in many cases, 
it is because the potential hazard was not made clear to the employees, 
particularly to new employees, and that becomes the duty of supervision, 
whether it is the safety inspector or a head foreman or a sub-foreman. 
That is a direct responsibility. 
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following up if absentees, after 24 hours, whether 


y received an injury or not. We found cases where, 
lu epidemic, people were not receiving proper attention at 
found those conditions and did something 


yund that many of the younger people that we have been 
lly learned how to work, they feign all sorts of 

ing away. We have checked into that. In some cases, 
work was not to their liking—they did not fit into the 

ave rearranged them in the plant so they 


In many cases, our insurance people tell us that by our close follow 
ing-up we have saved them much trouble. Often we have found where 
accidents, minor to be sure, were not received in the plant but outside. 
Then by a little close check-up on them, we found that they could very 
easily have attributed them to work in the plant though they really were 

a personal character received outside of the plant. 





Side-Blow Converter in the Steel Fouridries 


By A. W. Greca*, Harvey, ILL., AND F. B. SKEATEST, CHicaao, ILL 


Abstract 


The side-blow converter process for producing steel for 
castings was, to a large extent, replaced some 20 years 
ago by the electric furnace, because of high conversion 
cost, high sulphur content and lack of control instruments 
Herein is discussed the factors that contributed to the 
recent interest in converters; among which are new de- 
sulphurizing methods; development of the electric eye; 
economy of operation in comparison with other furnaces; 
flexibility of converter operation; continuous melting for 
continueus operation and improved refractories, Each of 
these features are elaborated upon in detail with par- 
ticular emphasis being placed upon the importance of the 
electric eye, which is taking the guess work out of carbon 
control in converter operation. 


l. The committee for Steel Melting Methods, American Foun- 
drymen’s Association, reported at the 1940 Chicago convention, 
that there is a growing interest in the side-blow converter, for the 
production of steel for small and medium sized castings. 

2. Twenty-five years ago there were approximately 100 con 
verters in operation in the steel foundries of this country. The 
most recent publication of the Steel Founders’ Society of America 
shows 16 converters in operation in the United States and 3 in 


Canada. Recent sales of converters, which have not yet been put 
into operation, will increase this number by 4 or 5. 


9) 


3. This paper proposes to discuss the reasons why the con- 
verter was replaced by the electric furnace to such a large extent, 
during the period from 1916 to 1919; and also the reasons for the 
interest which is being displayed at the present time. 

‘Foundry Engineer, Whiting Corp., and tFoundry Superintendent, Link-Belt Co. 


Note: This paper was presented before a steel session at the 45th Annual A.F.A. 
Convention, New York City, N. Y., May 14, 1941. 
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[t is remarkable that a steel making unit which played 
such a vital part in the development of the small and medium 
sized steel casting industry should have been discarded some 25 
years ago, and that today, it is attracting an unusual amount ot 


interest. 


Factors CONTRIBUTING TO RECENT INTEREST IN CONVERTERS 
5d. The principal factors contributing to this interest may be 
listed as follows: 

a) Improvements in desulphurizing methods, with con 
sequent improvement in quality and reduction of cost. 

b) The development of electric eye equipment for con 
trol of the converter operation, making it easier to train oper 
ators and substituting control by a scientific instrument for 
that of the human eye. 

c) High cost of electric power in many localities, and 
especially the influence of the demand charge when production 
is small or intermittent. 

(d) Flexibility of the converter operation. 

e) The necessity for a continuous supply of molten metal 
if continuous molding, pouring and cleaning methods are to 
be employed. Triplexing with cupola-converter-electric furnace 
makes continuous operation possible for the steel foundry. 


(f) Improved refractories. 


Desulphurizing 

6. Converter foundries, prior to the advent of desulphurizing, 
were confronted with severe difficulty in controlling the percentage 
of sulphur in the steel. The increase in sulphur during the melting 
operation in the cupola varies from 0.04 to 0.06 per cent, depending 
upon the sulphur content of the coke. Even with a low sulphur 
content in the metal charge, this increase made it impossible to 
produce steel with sulphur below 0.07 to 0.09 per cent. 


7. During the first World War, when the Army and Navy 
specifications were calling for low sulphur steel for ordnance and 
others castings, desulphurizing was unknown, or at least not devel- 
oped as a commercial process. At the same time, low sulphur coke 
was almost unobtainable. 


8. To keep sulphur within reasonable limits, the converter 


foundry was obliged to charge 60 per cent or more of low sulphur, 
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low phosphorus pig iron, together with selected high-priced, steel 
scrap. Sulphur pick-up in the cupola made it impossible for the 
foundry to charge its own returned gates and risers. Treatment of 
the cupola metal in the ladle with alkalies has made it possible 


to produce steel with sulphur contents below 0.03 per cent. The 
chemicals most used are soda-ash and flake caustie soda. The cost 
of the treatment, depending upon the degree of desulphurizing 
required, varies from 25 to 50 cents per ton of metal. 


9. It is now possible to use an all scrap-steel charge in the 
cupola, and its sulphur content is only of interest from the com- 
mercial standpoint. 


10. The high sulphur content of converter steel during the 
early days, and the high cost of keeping sulphur within reasonable 
limits, were perhaps more responsible for the replacement of the 
converter by the electric furnace than any other factor. The fact 
that the electric furnace could operate with an all scrap charge, 
and could be lined for either acid or basic operation, made it a 
very attractive melting unit for the steel foundryman. 


The Electric Eye Control 


11. About 2 years ago the Jones & Laughlin Steel Corp., 
Pittsburgh, Pa., developed an adaptation of electric eye equipment 
(Fig. 1) for control of the Bessemer operation. 


12. Since the invention of the Bessemer converter, it has been 
dependent upon the human eye for control of temperature and 
determination of the end-point of the blow. The drop of the flame 
oecurs when carbon is in the close vicinity of 0.05 per cent and 
catching this end-point exactly is of great importance. A few sec- 
onds over-blowing has a very serious effect on the quality of the 
steel, as iron begins to oxidize rapidly when the carbon is gone. 
Overblowing necessitates an excessive manganese and silicon addi- 
tion to make the steel usable. Likewise, if the blow is stopped too 
soon, the carbon content may be sufficiently high to meke the steel 
unusable. 


13. The electric eye catches the end-point of the blow to a 
fraction of a second. It gives an indication of the temperature of 
the metal during the several stages of the blow, making it possible 
to compare one heat with another, and to make one blow, for all 
practieal purposes, identical with another. 
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Fic. 1.— (Top) ELBCTRIC EYE CONTROL APPARATUS CONSISTING OF RECORDER (LEFT), AMPLIFIER 
(CENTER) AND PHOTO CELL CASE (RIGHT FOR SIDE-BLOW CONVERTER OPERATION. (BOTTOM) 
PHoTo CELL FOR “ELECTRIC EYE CONTROL FOR SIDE-BLOW STEEI OON VERTER, 


14. When the electric eye is checked against the human eye 


it is found that the most experienced Bessemer operator is unable 
to catch the end-point more accurately than plus or minus 5 sec. 
Jones & Laughlin, who developed the instrument, report a consider 


able saving in alloy additions 


15. To date, the electric eye has been applied to only one 
installation of side-blow converters, and experience at that plant 
has shown that the curves plotted by the instrument are somewhat 
different than those developed during the operation of the bottom- 
blow vessel. The differences, however, are of degree and not of kind. 
Reactions in the bottom-blow vessel are similar to those in the 
side-blow converter, but take place with much greater rapidity. 
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16. When greater experience has been gained in the use of the 
electric eye, it is expected that it will be possible to stop the blow 
at a predetermined carbon content—in other words, ‘‘catch the 
carbon coming down’’. At present, the practice is to finish the 
blow, continuing the blast until the drop of flame, at which point 
carbon is in the close neighborhood of 0.05 per cent. This end-point 
is definitely recorded on the chart. Recarburizers are then added, 


adjusting the composition to the analysis desired. 


17. It must be admitted that as valuable as the electrie eye 
equipment has proved to be, its use is only in its infancy. It will, 
undoubtedly, become more and more valuable as we learn to inter- 
pret better the meaning of the curves plotted on the chart. The 
electric eye equipment is exceedingly valuable in training new 
Bessemer operators, which is a serious problem for the shop in- 
stalling a converter, and having no previous experience in its 
operation. 


Serious Effect of Demand Charge 

18. Electric power in most localities is sold with a demand 
charge factor, which has a very serious influence on conversion 
costs with electric furnace operation, when production is small 
or intermittent. 


19. This operates against the producer of electric steel cast- 
ings when the need for castings declines. It also is an argument 
against the installation of an electric furnace in the manufacturing 
plant, which has requirements for steel castings in limited quantity, 
but for various reasons, such as emergency calls for quick delivery 
of repair castings, is obliged to manufacture its own steel castings. 
In such eases, the converter is the logical selection as the steel 
making unit. The demand charge for power for a converter install- 
ation is so small as to be insignificant, and the melting unit can be 
operated intermittently without serious penalty in conversion cost 


Small Depreciation Cost 
20. Because the first cost of a converter installation is about 
one-fourth of that for any other steel making unit of equal capacity, 


the depreciation cost, when the equipment is idle, is not a serious 


matter. 


Flexibility of Converter Operation 
21. With the possible exception of the crucible process, the 
converter is the most flexible of all the steel making units, which 
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is one of the reasons for the interest now being manifested in the 
equipment. It can be started and stopped on short notice. Metal can 
be produced with temperatures of 3200 to 3300° F., which are 
sufficient to pour castings of very thin sections. Steel is delivered 
to the pouring floor about three times per hour, making it pos- 
sible to pour off and use the same floor space repeatedly during 
the day. This feature is especially valuable for the small castings 


manufacturer. Because of the speed of operation, several blows 


inay be combined in one ladle, when it is necessary to pour a large 


casting 


22. The output per hour may be varied from 1 to 3 blows, 


by regulating the melting rate of the cupola, with only minor effect 


on the cost of conversion. 


Continuous Operation for Steel Foundries 


99 
”. 


2 Continuous operation for the iron foundry was pioneered 
by the automotive industry. Such operation presupposes a contin- 
uous supply of molten metal which is furnished in a satisfactory 


way by the cupola. 


24. The development of a continuous method of operation 
for the steel foundries has been handicapped for the want of a 
continuous supply of molten steel. The intervals between heats have 
been too great, when using the open-hearth and electric furnace 
methods for producing steel. Only recently has a dependable 
method of producing steel been developed, which makes it possible 
to have a continuous supply of steel ready for pouring molds pro- 
duced regularly throughout the day, and conveyed to the pouring 
station on a conveyor. 


25. This development involves the use of a triplex melting 
method, employing cupola, converter and electric furnace. Metal is 
melted in the cupola, desulphurized, blown in the converter and 
tapped at approximately 3200° F. It is then transferred to the 
electric furnace, which serves as a heated reservoir ladle. No metal- 
lurgical reactions are accomplished in the electric furnace, other 
then to make alloy additions if required, and power consumption 
is consequently very small—somewhere in the neighborhood of 50 
to 75 kilowatt hrs. per ton of metal. 


26. This combination of melting units provides a constant 
supply of steel for the mold conveyor, and bids fair to revolutionize 
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older methods of producing stee! castings. It makes the benefits of 
continuous production methods available for the first time in the 
steel foundry. 


Better Refractories Improve Blowing 


27. The largest item in conversion cost for the side-blow con- 


verter is the blowing loss. If the lining of the vessel is badly cut 


and scored, sloppy blows and high blowing losses are sure to result. 
Refractory linings today have far better life and maintain proper 
contour for much longer periods than was the case 20 years ago. 


28. Not only does this mean a better cost for refractories, 
but, it means more quiet blows, and a reduction in blowing loss. 
With good blowing practice and careful attention to the condition 
of the vessel lining, combined blowing loss for cupola and converter 
should be in the order of 15 to 16 per cent. This represents, at 
present cost of metal charge, approximately $3.00 per ton. This is 
really an addition to the cost of the fuel used in the cupola, and 
may be compared with the cost of power and electrodes in electric 
furnace operation. 


Dephosphorizing Bessemer Steel 

29. A new and very recent development in the production of 
3essemer steel is a method for dephosphorizing the metal in the 
ladle. This was reported at the Cleveland A.1.M.E. meeting, 1940, 
by Gordon Yocum, Wheeling Steel Corp., Portsmouth, O. 


30. The process depends on treatment of the steel as it Is 
being poured from the vessel, with a mixture of limestone, mill 
scale and fluorspar. The reaction takes place with great rapidity, 
and phosphorus is regularly reduced from about 0.10 per cent to 
approximately 0.035 per cent. 


31. The cost of the treatment is about 50 cents per ton of 
metal treated, and the dephosphorizing material is added simul- 
taneously with the manganese addition. A better yield of manganese 
is obtained than when no dephosphorizing material is used. 


32. The product at the Wheeling Steel Corporation is rim- 
ming steel, and if the metal were to be used for castings a further 
deoxidizing finishing treatment would be required. This would 
undoubtedly involve treatment in an electric or fuel-fired furnace. 


33. This dephosphorizing treatment has been successfully 
used for more than a year for the production of low phosphorus 
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Bessemer steel ingots. Nearly a half million tons of such steel has 
been manufactured. The process has not been applied to casting 


steels, but certainly has great possibilities for future development. 


(JUALITY OF CONVERTER STEEL 


34. The physical and chemical properties of converter steel 
were reported in a symposium on methods of manufacture of stee] 
for castings’, at the American Foundrymen’s Association Conven- 
tion, Cineinnati, Ohio, 1939. 


35. C. J. Lutts, materials engineer, Boston Navy Yard, 
Boston, Mass., presented a table giving average physical properties 
‘*B”’ specifica- 
tion. The castings were given a straight anneal at 1650° F., followed 


for a group of 100 consecutive heats made to Class 


by cooling in the furnace. The average physical results were as 
follows : 


Table 1* 


AVERAGE PHYSICAL PROPERTIES FOR 
100 CONSECUTIVE CONVERTER HEats—Cuass ‘‘B’’ STEEL 


Tensile strength (lb. per sq. in.)......74,000 
Yield point (lb. per sq. in.) .48,250 
Elongation in 2-in. (per cent)...... 34.1 


Reduetion of area (per cent)... 91.6 


SUMMARY 


36. The side-blow converter process for producing steel for 
castings was, to a great extent, replaced about 25 years ago in 
favor of the electric furnace, because of high conversion cost, high 
sulphur content, and lack of control instruments. The process is 
now receiving serious consideration by the foundry industry be- 
cause of the development of the desulphurizing process, the adap- 
tation of the electric eye for control of the Bessemer operation, high 


demand charge for electric power in many localities, and the 


levelopment of the triplex cupola-converter-electric furnace method 
capable of supplying molten steel at a continuous rate for contin- 
uous foundry operation. 


1Skeates, F. B., “Converter Method of Steel Making,’ Transactions, A. F. A., Vol 
pp. 257-263. 
*Lutts, C. G. Transacrions, A. F. A., Vol. 47, p. 341, (1989) 
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DISCUSSION 


Presiding: A. H. JAMESON, Malleable Iron Fittings Co., Branford, Conn. 


CHAIRMAN JAMESON: What is the fate of the spectroscope? The 
spectroscope was used to some extent on the Zenzes converter to deter- 
mine the end point of the blow. Could we have a word from Arthur 
Simonson about that? 


A. SIMONSON!: I have never had any experience with the spectro- 
scope. I was associated with the Tropenas converter in 1894 but never 
used or seen the spectroscope used in connection with this converter. 


Mr. GREGG: I have seen the spectroscope used at the Link-Belt Co., 
Chicago, Ill. They decided it was useful but not much better than the 
human eye. In fact, the blowing at Link-Belt is done entirely with the 
human eye at the present time, although, they are contemplating the 
installation of the electric eye. For those interested in the details of the 
electric eye, two very excellent papers were presented to the American 
Institute of Mining and Metallurgical Engineers. These two papers are: 
Technical Publication, June, 1941, No. 1300% written by Dr. Work, 
Research Director, Jones & Laughlin Steel Co., and “Acid Bessemer Proc- 
ess of 1940,” by W. H. Graham, Jones & Laughlin Steel Co., Technical 
Publication No. 1232. 


JOHN HOWE HALL?: I have always understood that the spectroscope 
was too delicate and would show you the presence of carbon in very 
small quantities all the way down, and you do not get a sharp drop-off 
in the carbon lines. 


Mr. Gregg has omitted one thing that I have been emphasizing for 
the past few years, and that is the quality of converter steel and why 
it is of high quality. The converter gives you high quality steel because 
it automatically does what you have now learned, after great pain and 
anguish, to do carefully in the electric furnace. 


In operating an electric furnace, we finally learned, through the 
efforts of the experts, that you must melt down, then you must boil, then 
bring the carbon back up. If you do not do that, you will not get good 
steel. The converter does that automatically. 


About 20 years or more ago, I attended a meeting of American 
Society for Testing Materials when various experts proved that con- 
verter steel was no good because it was an oxidizing process. It did me 
a lot of good to see the electric furnace men finally work around to the 
point where they learned if theydid not run the electric furnace pretty 
much as a converter runs itself, they would not get good steel. 


Tests are in existence today, and they are not new, that show the 
principal properties of converter steel. They are sufficient to show that 


Vice President, Falk oe. Milwaukee, Wis. 
*Consultant, Philadelphia, Pa. 
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you cannot make any better steel by any other process than you can it 


the converter, if you know how to run it. 


F. A. MELMOTH?: The reason the converter took a “dive” has always 
been a puzzle to me until some few years ago when I began to appreciate 
just on what basis the electric furnace was sold to the steel foundry. 
You have probably noticed that, in several papers I have written, | 
have prophesiec a return of the converter. I do not believe that anybody 
who stops to think can do otherwise. 


The converter was killed, not by the acid electric furnace at all, 
but by the basic. In Europe, the converter was the real, fundamental 
process for producing steel castings. I think that Germany, Belgium and 
France were practically the home of the light steel casting industry, and 
in those cases, the converter was absolutely 100 per cent right through 
all those plants and still is today. But in England, the electric furnace 
was made popular by extraordinarily good sales effort. The basic electric 
furnace is the one which was used as the example to point out all the 
deficiencies of the converter. 


I venture this: If anybody had known as much about the troubles 
of the acid electric furnace as they knew today and had countered the 
electric furnace propaganda at that time on the basis of what they know 
of acid practice today, the converter would still have been the prime 
piece of apparatus for producing live steel casti:gs both in this and other 
countries. And insistence on low sulphur and phosphorus, which frankly 
did not mean a thing, was one of the reasons. 


In light steel castings, I have yet to see that normal sulphur con- 
tents of converter metal have anything to do with serious troubles. With 
the heavier castings, the question is arguable. 


When I come to think of quite a number of personal experiences, 
1 am still more puzzled than ever that the converter went so low. 
When I went to Lincoln-Elliotts in 1917, I had the chance to see the 
converter plant pulled out and in its place three basic electric furnaces, 
a beautiful power plant, and so on, costing an immense figure, installed. 
And at the same time I had the opportunity of looking through the best 
books on the 900 heats that were referred to at the Detroit Steel Cast- 
ings in the early war days. It really fades into the distance as compared 
with what those people had taken out. And throughout that shop was 
an insistence that the converter would meet every requirement that they 
had. Still, basic electric furnaces were put into that plant. 


Two of the influences were, and I ‘have spoken to Lincoln himself, 
were these: First, the low sulphur-phosphorus, and some peculiarities 
which it was presumed that electric steel had, were sold so thoroughly 
to the firm’s customers that the customers themselves made it a matter 
of policy to make that change. 


«4 


Vice President, Detroit Steel Casting Co., Detroit, Mich. 
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Secondly, they also sold that idea to the makers of the specifications 
and the converter was promptly taken off the list because of some be- 
lieved virtue of electric steel. 


Now the facts are plain. I have been through those test results, 
hundreds upon hundreds of them, produced years before we knew any- 
thing about electric practice at all. And I will back those results against 
anything produced since. I will say this, that there has been more grief 
and pain to produce steel from the acid electric furnace than was ever 
experienced with the converter. 


My experience on converters extends over four different plants in 
the U. S. A. and visits to a lot of Continental plants. One of my friends, 
Mr. Faweett, is one of the 2st experts on converter practice whom I 
know. He still insists that the converter can hold its own with any 
electric furnace ever built, and particularly in view of the fact that 
cupola improvements have added to its strong position. In England there 
is a firm called Trinnin & Ley that produce immense castings. The head 
of that firm is strictly a converter man. The highest possible quality of 
light steel castings are produced there in very large quantities. They 
have good desulphurization practice and excellent cupola practice. They 
have taken advantage of every single new development that has come up 
in cupola practice—and there have been a great many the last ten years. 


In Scotland we operated an acid electric, two basic electric and 
cne converter furnace. We did not have a modern cupola or a particularly 
good converter. But the converter steel held its own within very fine 
limits with the basic electric and completely beat the acid electric. Admit- 
tedly in those days we did not know as much about the acid electric as 
we believe we know today. 


It is a rather peculiar point that the things we have found out about 
acid electric steel have all tended to prove that the converter had 
fundamentally something in itself. I am still going to prophesy that the 
converter is going to come back for light steel castings. 


FRED GROTTS?: I became very much interested in the converter owing 
to the fact we had a partial setup at Fort Pitt. I investigated the con- 
verter and its history. I went to Chicago, and the Link-Belt Co., and 
was impressed with their results. 


Now the idea I had was a triple process. First into the cupola, then 
to your converter and into the electric furnace, because the cost of 
power is one of the main items in making steel by the electric furnace 
process. 


I thought for the cheaper castings I would use the straight converter 
practice. The one thing that was noticeable was the cost. I did not find 
any improvement in cost at that time. Cost was mentioned in connection 
with the use of straight scrap and pig iron. I contrasted the practice 
we have now with that of years gone by and it indicated to me that the 


‘President, Fort Pitt Steel Castings Co., McKeesport, Pa. 
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costs were just about the same. That is one of the things that I would 
like to ask about. If you have to use pig iron now, and as I understand 
it, pig.iron is going to be pretty hard to get, the price also will enter 
into it very much as to whether there will be any saving so far as the 
cost of the job is concerned. 


Now what I would like to be straightened out in connection with 
this problem, is if there is anything that might be advanced further on 
costs? Whether you can use straight scrap, that is, eliminating the use 
of pig iron, and all? 


Mr. GREGG: As far as cost goes the converter plant and electric plant 
both run to reasonable capacity. The conversion costs will be very nearly 
the same. When business slacks off, there is no comparison at all. 


To answer your question about pig iron, you do not have to use pig 
iron in the converter charge. You can use all steel scrap. But you must 
have around 2 per cent silicon in your charge, if you want to tap at 
3,000 to 3,300° F. The thing to do is to obtain silicon in the most econom- 
ical form either through silvery pig iron, ferrosilicon or silicon 
briquettes, and sometimes the most economical mixture will work out 
with a percentage of pig iron. You must have between 1.75 to 2.00 per 
cent silicon if you are going to blow hot steel. 


Now I am going to say something on the other side of the fence. 
It was not all propaganda that kicked the converter out. I looked at some 
of our old cost sheets and, believe it or not, we were paying $60 for 
low phosphorus or low sulphur pig iron, $40 for spring steel scrap, and 
we were charging 60 per cent pig iron, and the whole darned reason was 
that we did not know how to desulphurize. It is not so hard to get low 
phosphorus scrap. Phosphorus does not worry you much. Most of the 
scrap is basic open-hearth and that means low phosphorus and you do 
not have to worry about sulphur. 


Link-Belt Company records of hundreds of heats reveal that they 
are averaging 0.03 per cent sulphur and it costs 50 cents a ton for the 
pig. They are using caustic soda. But you do not have to use pig iron 
to run a converter anymore. And when the converter took a “dive” the 
only chance we had was to use a lot of pig iron. We could not even melt 
our own gates and risers on account of the sulphur build-up. We had 
to sell it to the junk man at a low price and go out and buy expensive 
scrap and that raised the dickens with the price of pig iron. 


Mr. Grotts: What about the possibilities of making super-steel 
castings by the triplex system? You run it through the cupola to the 
converter and do your maximum work there and then go into the electric 
furnace. Are there any possibilities in that? Is there a possibility of such 
an installation, or of working out something that we might make some 
distinct progress on, making steel in the electric furnace by running it 
through the triplex process? 


Mr. GREGG: The triplex method of making steel, using the cupola 
and converter furnace, has been worked out by a concern that I know 
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and was resorted to, primarily, because they wanted to pour continualls 
on a converter. I know that it has been an economical process 


Mr. HALL: Is that acid electric or basic? 
Mr. GREGG: Acid. 


GEORGE S. EvANs®: (Written Discussion) In response to desulphur- 
izing, this can be done economically by knowing the approximate sulphur 
contents of the metal from the cupola. Then by varying the desulphuriz- 
ing treatment accordingly, specifications down to 0.03 per cent sulphur 
can be uniformly met with mixtures ranging upwards to 0.13 per cent 
sulphur in the metal at the cupola spout. 


The alkalies available for use in commercial desulphurizing prac- 


tice include: (1) soda ash, (2) soda ash—caustic mixtures and (3) 
caustic soda. These chemicals are rated in commercial parlance on the 
basis of their sodium oxide (Na,0) content—thus caustic soda with 76 
per cent Na,0 is proportionately more active than soda ash with 58 per 
cent Na,0. 


Under favorable conditions over 80 per cent of the sulphur present 
in cupola iron, within the range of from 0.06 per cent to 0.13 per cent 
sulphur, can be removed with caustic soda in one treatment without 
external heat. The maximum reduction obtainable when treating similar 
irons with soda ash is about 70 per cent. In commercial practice, how- 
ever, especially when treating the iron in small batches, the practical 
limit of desulphurizing with soda ash is about 50 per cent on irons 
ranging from 0.07 to 0.09 per cent sulphur or 60 per cent on irons with 
sulphur contents of from 0.10 to 0.13 per cent. 


Limestone and fluorspar are sometimes used with soda ash, or 
caustic soda, and may be recommended when desulphurizing in large 
ladles of 50 to 500 ton capacities, although will not generally serve any 
valuable purpose for treating molten iron in batches of one or more 
tons. Equally high per cent sulphur reduction may be obtained with the 
use of calcium carbide, provided thorough admixture of the reagent and 
molten iron is effected. However, owing to the impracticability of pro- 
moting intimate surface contact between the metal and reagent, particu- 
larly in ladles of more than a few hundred lb. capacity, calcium carbide 
is not generally used to any extent in commercial practice. 


The most important factor in efficient desulphurizing, aside from 
the temperature of the metal and the reagent itself, is rapid and inti- 
mate contact between the soda slag and metal bath. This is effected 
in one or two ways, namely, mechanical stirring of the stream of iron 
and by the composition or form of the reagent. The stream of iron flow- 
ing into the desulphurizing ladle promotes slag metal contact due both 
to the physical effect of the stream in stirring the metal and to its action 
in whipping portions of the alkali slag down into the metal bath. This 


*Metallurgist, Mathieson Alkali Works, New York, N. Y. 
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not only increases the extent of slag metal surface contact, but makes 
for more effective contact because of the pressure of the overlying 
metal. Moreover, decomposition of the reagent under the metal surface 
with the consequent evolution of gases acts to further increase surfac« 
contact. 


Caustic soda, because of its higher concentration, causes a lowe) 
melting point and greater activity as compared to soda ash, more violent 
boiling action or more rapid contact between the metal and slag, which 
together obtain a higher per cent sulphur reduction with this reagent 
Boiling of caustic slags may be prolonged in some cases by additions of 
soda ash and other carbonates with the caustic. With fused soda ash 
(Purite) the boiling action is prolonged by gradual melting of th 
briquets, thus effecting some increased efficiency. 


When desulphurizing in batches of one or more tons, as required in 
average converter steel practice, it is generally recommended that about 
half of the reagent be added to the bottom of the ladle at the beginning 
of the tap and the remainder when the ladle is approximately half full, 
the object being to maintain a live, active slag in the ladle for promoting 
continued boiling action. 


Alkali slags are highly reactive to silicious materials and are 
neutralized by any free slag present which dissipates their desulphur- 
izing value. Therefore, the ladle should be free of loose dirt or slag 
before adding the alkali and every precaution should be taken to prevent 


any cupola slag coming out with the metal. 








Steel Sand Preparation by the Wet Method 


By Howarp Mason*, Depew, N. Y. 


Abstract 


In order to bring about improvement in the quality of 
castings, reduce the amount of sand wasted and combat 
the dust problem, casting cleaning and sand preparation 
by the wet method were tried out by the Gould Coupler 
Works. The method consists of washing the sand from 
the castings by a mixture of sand and water under pres 
sure. This mixture plus the sand washed from the cast- 
ings is run through a classifier which separates the 
“fines,” which are rejected, from the remaining sand, 
which is returned to the foundry. The sand is dried to 
less than 1 per cent moisture after which it is ready 
for use in facing and in cores. The amount of “fines” 
retained in the sand is determined by the amount of dry 
sand removed from the castings before they are washed 
and is under close regulation. A complete sand testing 
laboratory is maintained for controlling the process. 


1. The idea of combining the cleaning of castings by water 
pressure with the preparation of sand for re-use by the wet method 
eame about through the desire of the management of the Gould 
Coupler Works of the Symington Gould Corp., Depew, N. Y., to 
improve on certain foundry methods and conditions. 


BETTER SAND CONTROL 
2. Kvery foundryman knows that the demands on the indus- 
try are growing more exacting every day. Rough casting toler- 
ances are constantly being reduced, and to meet the competition 


of forged and welded products, it is necessary to produce castings 


of fine appearance, free from external and internal defects, and 
true to drawing dimensions. It is also the problem of the foun- 


* Symington Gould Corporation. 
Note: This paper was presented at a Plant Equipment Session of the 45th Annual 
A4.F.A. Convention, New York City, N. Y., May 15, 1941. 
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dryman to do these things in such a way that finishing department 
costs are not prohibitive. 


3. As sand is still the best material known to the foundry 
man from which to produce molds and cores, it naturally follows 
that the better the control of this material, the more uniform it is, 
the better the care taken of it, and the more is known about how 
it reacts under certain conditions, the more likely it is that good 


eastings will be produced. 


4. For instance, there is, in almost every community, a 
housewife who is well known for her ability to bake good cakes 
not only on one occasion, but at any time that she is ealled upon 
to prepare a cake. An analysis of this housewife’s methods with 
out exception will show that she uses the same amount and quality 
of ingredients in each and every mix, that she is careful that the 
batter is stirred or beat to the same consistency each and ever 
time, and that the temperature and time of baking is the same 
It is in this way that hundreds of housewives gain their reputation 
as cake bakers 


5. On the other hand, how many foundrymen take the care 
of their sand, its preparation and use, that the housewife takes of 
the ingredients that go into the making of a cake. Do we know in 
the first place that the sand delivered to our sand mills from day 
to day is uniform enough so that the same ingredients can be 
added and the same results obtained from day to day? Do we 
know that the sand is mulled the same every day, and if it is, why 
we do not obtain more uniform results? Do we know that the 
sand that is delivered to the core room is uniform, and if it is, 
and our temperatures and baking time for our cores is the same, 
why are some cores hard and others soft? 


6. It was questions like these that started us thinking along 
the lines of better sand control, not only from the standpoint of 
sand testing, but from the standpoint of providing suitable equip- 
ment in the foundry upon which we could depend to deliver sand 
every day that is as uniform as the ingredients that go into the 
baking of a cake. 

7. Some of you may say that the baking of one cake is a 
totally different matter, as compared to the producing of hundreds 
or thousands of castings. None of us, however, will deny the tragic 


and eostly results of producing castings which are defective some- 
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times from sand conditions which might have been avoided had 
we followed some of the simple rules of the cake baker 


8. Ninety-five per cent of the castings produced in our plant 


are made in green sand, our metal sections average about 9/16-in., 
and the pouring temperature runs from 2900° to 2950°F 


9. Prior to the installation of our sand cleaning sand washing 
system, we were using approximately 1200 lb. of new sand per 
ton of good castings in both the foundry and the core room. The 
new sand was used to cover all patterns in the molding operation, 
and most of our cores were faced with new sand. We used this 
practice for the reason that, starting with new sand as a facing 
for both molds and cores, we were sure of the strength, permea- 
bility, moisture and refractoriness of the sand next to the casting. 
which controls to a great degree the appearance of the casting, and 
‘liminates surface defects. 


10. Unfortunately, the 1200 lb. of new sand per ton of good 
castings amounted to only about 8 per cent of the total amount of 
molding and core sand which we handle ana prepare to produce 
one ton of good castings. We were not so sure about the uniformity 
of the other 92 per cent of our sand which was our heap sand, 
and which was used to back up the facing sand in both molds and 
cores. The reason that we could not keep our heap sand uniform 
was that we had no method of continuously removing the ‘‘fines’’ 
which are deposited in the heap sand in the day to day operation 
of a foundry. 


11. The sand next to the casting in any mold is subjected to 
very severe usage. Due to the intense heat of the molten steel, 
which sets up tremendous stresses on the individual grains of sand, 
some of these grains are split into smaller particles, and in time, 
some are reduced to dust. The bonding materials, such as clay 
and manufactured bonds also are affected by the high temperature. 
The clay in the sand next to the casting is burned out, and in this 
state is unfit for further use, and is deposited in the sand as fine 
dust. If these ‘‘fines’’ are allowed to remain in the sand system 
and accumulate from day to day, it will not be very long until 
they will fill up the voids between the particles of good sand, the 
permeability of the sand will become lower, and defects due to 
sand conditions will begin to appear. To correct this condition, 
it was our former practice to waste, at certain intervals, large 
quantities of sand, and to replace the amount of sand wasted, we 
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would add a like amount of new sand by increasing the amount of 
facing sand used in molds and cores, and by adding a certain 
amount of new sand to every mill load of heap sand. This method 
served the purpose of raising the permeability and refractoriness 
of our heap sand only, because we had increased the ratio of new 
sand to used sand in our system. It did not correct the basic cause 
in the heap 
sand, and it would only be a few months until this whole operation 


? 


of our trouble, which was the accumulation of ‘‘ fines’ 


of wasting sand and adding new sand would have to be repeated 


12. After reviewing the whole situation, we decided that the 
problem of better and more uniform sand control could be boiled 
down to the task of keeping the heap sand in shape as to uniform- 
ity and that this could only be done by providing equipment which 
would separate the ‘‘fines’’ from the good sand positively and 
continuously, and at the earliest possible moment after these 
‘‘fines’’ are formed, in this way preventing the contamination of 


the heap sand used in sand mixes in our foundry and core room 


BETTER CONTROL OF DIMENSIONS 


13. Another factor to be considered in the accumulation of 
‘‘fines’’ in the sand is that a large amount of this fine material 
deposited in the sand is clay, and in time the constant building 
up of this material in the heap sand supplied to the foundry and 
core room increases the green and dry strength values of the core 
sand to the point that it affects the shrinkage of the steel in cooling. 


14. We knew that our heap sand was not uniform from day 
to day, and were certain that this was one of the principal causes 
of our variation in dimensions. If the heap sand delivered to the 
core room and foundry was too strong, we could expect cracked 
castings. If the heap sand was too weak, defects due to broken 
cores could be expected. 


15. Many times in the past, we have put a pattern in the 
sand and have produced several hundred castings with good results 
as far as dimensions are concerned. Then, without warning, the 
castings will come too long or too short. Investigation invariably 
revealed that this condition was due laregly to the condition of 
our heap sand in the core room and foundry. Necessary steps 
would be taken to correct this condition, but we had no way of 
maintaining this uniformity and, in many cases, it would only be 
a short time until this investigation would have to be repeated. 
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16. We believed therefore, that if equipment could be pro 
vided that would insure that the sand delivered to our core room 
and foundry every day was uniform, which would allow the same 
additions day after day to every sand mix made, that we would 
vet better results in regard to control of dimensions 


ELIMINATION OF Dust 

17. The elimination of dust, as far as possible, is the goal of 
every foundryman, not only because State and Federal laws in 
regard to this material are becoming more strict, but because we 
know that the elimination of dust increases the life of foundry 
equipment, and makes the foundry a better and cleaner place in 
which to work. Dust count tests showed that in our foundry, most 
of the dust came from the flogging or core knockout floor, where 
the cores were rapped from the castings by the use of rock drills. 

18. Another source of dust, at this same spot, came from the 
handling of waste core sand by grab buckets. We believed that if 
some system could be substituted for the rapping of cores from 
the castings in the open air, and that if we could eliminate the 
handling of waste sand by the grab bucket method, that the biggest 
source of dust in our shop would be eliminated. 


REDUCTION OF WASTE AND SALVAGE Cost 

19. Our former practice of using 1200 lb. of new sand per 
ton of good castings called for the wasting of this same amount of 
sand, to prevent the shop filling up with sand. Most of this waste 
sand came from the core knockout floor, and was loaded by the 
use of a grab bucket into a railroad car, and transferred to the 
yard, where it was unloaded and run over a magnetic pulley to 
reclaim wires, gaggers, chills, ete. We then paid somebody to haul 
this refuse sand from the yard. This whole operation cost us, 
aside from the sand wasted, 65 cents per ton of sand handled. We 
also lost a great many chills, wires, gaggers, and even some smal! 
castings. 

20. Therefore, we desired to incorporate into the system a 
positive method of re-processing sand formerly wasted to the yard; 
also of reclaiming metal articles in the sand at the spot where they 
could be easily and quickly transferred to the different depart- 
ments for re-use. 

EXPERIMENTAL WORK 

21. After a réview of the equipment available to do the job 

which we wanted done, we chose, as the basis of our experiments, 
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the ‘‘wet’’ system, because we believed that, by using this system 
we would get better uniformity from it due to a better scrubbing 
action on the individual grains of sand. The wet system also had 
the added advantage of fitting into our scheme for the reduction 
of the amount of dust in the foundry. 


22. Following the decision to give the wet system a trial, the 


plant was practically turned into a research laboratory, to deter- 
mine if castings could be satisfactorily cleaned with a mixture of 
water and sand, and if the sand reclaimed from this process could 


be successfully reused in the making of molds and cores. 


23. The first steps in this experimental program took the 
form of rigging up a fire hose in an unused building and cleaning 
various types of the castings which we make. By this method, we 
determined that this operation could be done satisfactorily. The 
question of cost entered the picture at this point. With water at 
about 17 cents per thousand gallons, we knew from our experi- 
ments that, on our class of work, we could rap cores from the 
castings using rock drills cheaper than we could remove the cores 
by water pressure, due to the high cost of water. Due to the fact 
that we were planning on reusing the water to wash our sand, the 
whole operation we figured would become a paying proposition. 

24. The next few months were filled with experimental ac- 
tivity in regard to the washing of used core and molding sand. 
Various methods were tried out on a small scale, until we had 
determined by the ‘‘actual trial’? method that washed core and 
molding sand could be successfully reused in both cores and molds. 
Members of our engineering department were sent on trips to 
various parts of the country to observe equipment which we 
thought might lend itself to a program of this kind. As the or- 
ganization studied the possibilities of the program, we all became 
convineed that it would result in the producing of castings of a 
higher quality as to soundness and appearance. This factor, com- 
bined with the fact that by doing this we could clean up one of 
the dirtiest departments in the shop, made it seem a project well 
worth developing. 

25. At the conclusion of our experiments early in 1938, the 
decision was made to install a system which would combine the 


cleaning of castings by water pressure and the washing of used 
core and mold sand. Accordingly, the contracts for the equipment 
were let, and construction work started in the spring of 1938, and 
was completed on November 1, 1938 
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Fig. 1—Layoutr or CastinG CLEANING AND SAND WASHING EQuIPpMENT. 


26. Since November 1, 1938, we have cleaned 76,158 tons of 
castings, and washed 60,000 tons of used sand. We have handled, 
in this period, a maximum monthly peak load of 6,000 tons of east- 
ings, together with the preparation of all core and molding sand 
needed in the production of 6,000 tons of castings in one month. 


27. The results to date have been very good, especially from 
the standpoint of producing castings of a better appearance, 
sounder castings, less work on these castings in the cleaning depart- 
ment, and castings of truer dimensions. 


EQUIPMENT AND OPERATION 


28. The castings and sand in a system of this kind are 
handled in the following manner: Following the pouring of the 
molds in the foundry, the molds are transferred to the shakeout 
floor. At this point, the molds are coped and the castings are re- 
moved from the molds without any preliminary shaking out, and 
transferred to the cooling floor. In this way, most of the sand, 
which is next to the casting and which is the sand affected in the 
pouring operation, is taken to the point where it can be washed. 
It is by this method that we keep the amount of fines deposited 
in the heap sand to a minimum. If on the other hand, our tests 
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Fic. 2—Hypro-Biast Operators aT Work. 


show that the heap sand is becoming too open, we transfer more 
fines to the heap by placing the castings on a shakeout before they 


are taken to the cooling floor. By watching carefully the heap sand 


test results, and by either leaving more sand on the castings or 
removing more of it before they are transferred to the cooling floor, 
we have been able to maintain our heap sand in a very uniform 
condition. 


29. The eastings on the flogging floor are separated into 
heats, and after a cooling period of from 3 to 4 hours, are ready 
for cleaning. 


9) 


30. This operation is performed by suspending the castings 
from an overhead traveling conveyor by means of hooks and pass- 
ing them through a 60 ft. long blast house. The water blast oper- 
ators are stationed on the outside of the house where, by looking 
through a window at their station, they direct a mixture of water 
and sand at about 1200 lb. pressure onto and into the castings. 
In this way, the cores are removed from the castings, quickly, 
efficiently and with no dust. No attempt is made to slow this oper- 
ation down to the point where all the sand is removed from the 
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itside of the castings. After the water blasting, the castings eo 


hrough the regular annealing and shot-blasting operations 


31. The reason that we use a mixture of sand and water in 
sur blasting operation is that we can perform the operation much 
aster than with water alone. 


32. The sand that is removed from the castings in the water 


blast house falls through a perforated steel plate floor into a 


trough which feeds the sand into a sump from which point the 


sand is pumped to the subsequent classifving and drving 


perations 


303. Core rods, chills, gaggers, nails, wires, ete. which are 


knocked from the castings in the cleaning operation, are retained 


on the perforated floor of the blast house, and are easily gathered 


ip and salvaged for re-use. 


if tae 


+ net 


Fic. 3—Counrer-Firow CLassirrer. 





STEEL SAND PREPARATION BY THE WET METH 


4 The sand which a 
dropping off the castings in handling before they are sent throug! 


the blast house, is piled up in a pit near the equipment, and whe) 


‘umulates on the cooling floor, due 


washed sand is needed to make up the amount used in the foundry 


and core room, this sand is hydraulically mined into the system 


before passing into the system proper, this sand is passed throug! 
a sereen conveyor which removes all core lumps, chills, wires 
vageers, ete. This material is elevated from the sump pump pit 
onto the wire screen conveyor and discharged onto a magnetic belt 


which removes all wires, nails, chills, ete The core lumps are 
discharged Into a eontinuous tumbling 


barrel where they are 
crushed 


The sand from these core lumps then Is returned to thi 
system for washing 


35 Sand to be washed is. therefore, put into the system in 
LS cleaned 


two ways, that which | from the castings and that whic} 


SETTLING TANKS 
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5—Sanpb SroracGe TANK over Rotary Dryer, 


is taken from the floor. After entering the system, sand from both 
of these locations is picked up by rubber lined dredge pumps and 
elevated to the classifier. The first step in the classifying operation 


is the discharge of the water and sand over a scalping screen which 


removes any large particles of foreign matter such as scale, small 


pieces of wood, ete. from the sand. The sand and water are then 
directed to the counter-flow classifier where the fines are removed, 
and together with the material from the scalping screen, this mate- 
rial is deposited into a settling tank where the material from the 
scalping screen and the fines settle to the bottom, and are dis 
charged into a pump-away tank, from which this material is 
pumped to the vard as waste through a 4-in. pipe line. The water 
in the settling tank, which overflows the weirs, is accumulated in a 


storage tank and is reused in the hydraulic mining operation. 
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mie flume carries the washed san 
needed to mix with the water in the blasting opera 
blast tanks. The excess sand. or that amount not 


with the water in the cleaning operation 


sump tank trom which pomt it is pumped t 


above 


is dischare 
ivevor helt ; , lal per cent mois 


the found: 


this operation are, 


Of removing cores 
this same sand, and depositing it in the found 


ror use as ar binder free sand ean be lone 


min 


lhe equipment as installed at our plant can produce 


of washed dry sand per hour. 


In our experiments on classification, we have foun: 
that the amount of material which we have to waste is ver 
small to put the sand back into a condition comparable wit 

sand. It amounts to about what can be suspended In the 


hat amount which makes the water black 


4. Klimination of the distortion of castings by rapping 
or sledging in the knock-out operation. This is particularly) 


an advantage in the handling of alloy steel castings 


so) The sand delivered from the dryer is used in both mold 
facing and in cores in about the same quantities as we previously 
ised new sand. The amount of binder necessary in the washed 


sand for mold facing is about the same as that required for new 


sand. Due to the fact that our heap sand is always in good shape 


a greater percentage of this sand is used in mold facings and cores 


than Was previously possible 


t() This sand also is used in the eore room in our core blow 


ers, and works in these machines with no diffieulty 


+1. The amount of new sand that it is necessary to add to 
keep the amount of sand in the shop in the right amount, is added 


to the heap sand in measured quantities to each mill load 
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Muskegon, 


MEMBER think this is an nely interesting i have 
three points on which I would like “al : am sure a good 
nany of the men here are not right up-to-date al ’ these little 
perations that form part of th 


I have one question in my mind abo the filter type of drum dryer. 


I do not think many of us | ver seen 01 if these. I would like 


Know now it WOrkKS. 
} I t } 


Do you ever use anything to wet } nd bed, in order to separate 
clay from sand? We do that in our A.F.A. test. We add a deflocculating 
agent, such as an alkali. 


In your table of cost of oper: n | ticed an m, No. 5, repairs 
Maybe some of you will say is a good figure, but one of the big 
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Now, the sand al 1 in a wet condition about 35 per cent moi 
ture so that to that screen in a certain thick 
ness of cake rs to abs 6 per cent from the vacuum applic 
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This drum rotates and the screen passes into a heat zone continu- 
ously, that is the cake, which in the case of the Gould Company runs 
about 1%4-in. thick. It can be regulated to any thickness. It passes into 
a heat zone and hot air is sucked through it. The actual dewatering 
from 35 per cent moisture to substantially bone dryness occurs in less 
than a minute. 


There is a continuous discharge of sand off of the drum. One of the 
features of that type of drying is that the sand does not move at all 
after it is on the screen. That is, from the time it gets on the screen, 
it travels with the screen in a cake until it is dried and leaves the 
screen. There is no rubbing together of the grains, or rubbing on any 
mechanical part. 


It is not like the ordinary type of dryer where the sand is moved 
by paddle wheels or by one mechanical means or another in order to 
expose it to the hot air. 


The actual dewatering operation is not costly. The sand can be 
brought down to about 6 or 6% per cent moisture with very little 
difficulty. 


On a simple drum dryer, 6 or 6% per cent moisture is not dry 
enough for steel foundry practice. Sand with 6 per cent moisture would 
not flow. It has to be either very much drier or very much wetter to 
handle. 


The sand that comes off the dryer flows on to a belt and is trans- 
ferred into a bucket elevator on to a discharge belt over sand tanks 
which bring the temperature down from a little less than 212°F. The 
temperature of the sand never gets higher than the boiling point of 
water. It loses about 100 or 110° when it travels into the sand bins, 
and it is, therefore, not too hot to re-use when it is put into the bins. 


I do not imagine that it loses very much more heat. It is my im- 
pression that it probably stays at about 90°F. in the bins. 
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The Ist Western Hemisphere Foundry Congress, 


The 46th Annual A.F.A. Convention 


and 


The Foundry and Allied Industries Show 


will be a 


Convention and Exhibit 
with a 


Wartime Purpose 
x *k * 


The Congress will inspire solutions for many 
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Attend for the welfare of your country 
and your own as well. 
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